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PREFACE. 



Before entering into a detailed account of the plan of 
the present work one characteristic may perhaps deserve 
especial prominence, namely that, while all those parts of 
the Elements of Euclid which are required by the Univer- 
sities have been established and at the same time Problems 
separated from Theorems, both classified according to the 
nature of the subject, and demonstrations replaced by others 
less cumbrous, I have been careful in all cases to retain 
Euclid's order as far as is necessary to allow of the proofs 
given being substituted for those of Euclid in Examinations. 
How important this is must be at once apparent to all who 
are conversant with Examinations either at Schools or 
Universities. 

One of the most generally acknowledged defects in the 
Elements of Euclid is the treatment of parallels; for a 
theorem is assumed as self-evident which certainly requires 
proof as much as those which are made to depend upon it. 
To avoid this difficulty a Lemma has been introduced which, 
while it rests on an axicxnatic basis^ brings out the property 
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of the parallelism (or in common language equidistance) 
of straight lines in the same plane which never meet This 
is of great consequence, as the leading idea in connection 
with straight lines called parallel is that suggested by the 
literal meaning of the word: thus the conception of a paral- 
lelogram is not that of a figure whose opposite sides will 
never meet however far they may be produced in either 
direction, but rather that of a figure whose opposite sides 
are equidistant 

Again, Euclid's treatment of ratio and proportion is 
objected to as being only adapted to the grasp of the 
advanced geometrician; one of the great difficulties to be 
encountered by a student attempting to master Euclid's 
Fifth Book being that magnitudes in general are dealt with 
instead of certain specified magnitudes. Accordingly to 
supply the want due to the fact of this Book being invariably 
omitted, the necessary propositions contained in it have 
been established for those particular species of magnitude 
to which they are afterwards applied. The method given 
possesses the combined advantages of being rigorous, geo- 
metrical, simple and short The terms duplicate ratio and 
compound ratio have been relegated to the Supplement, 
there placed for the benefit of those likely to be examined 
thereon, but ejected from the text, as not being generally 
appreciated by students, few of whom would estimate the 
relative magnitudes of plane similar rectilineal figures by 
contemplating their homologous sides and then calculating 
their duplicate ratio. 

In order to make the Second Book, which treats of the 
relations existing between the rectangles under the segments 
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of a line divided in various ways, available for the extensive 
development of this part of Geometry of which it is capable, 
Euclid's second and eight following propositions should 
be shewn to be deducible from the first one. This has 
accordingly been done, the method being applicable to all 
propositions which are the geometrical interpretation of 
Algebraical identities of two dimensions. 

At the latter part of the Third Book a section has been 
added on the equal subdivision of the circumference of a 
circle, thus preparing the way for a more general consider- 
ation of the subject of tegular polygons. 

In the Fourth Book the areas and perimeters of regular 
polygons inscribed in and circumscribed about a circle have 
been discussed, and the groundwork laid for a comparison 
not only of the areas but also of the circumferences of 
circles. 

It has been deemed essential that Problems, though 
kept distinct from Theorems, should nevertheless occupy 
the attention of the beginner as soon as possible, and also 
that the necessity of his having to wade through a long 
book of Theorems only should be avoided. This has been 
effected by placing the Problems at the end of the various 
sections, which are never of any great length. 

Euclid's mode of demonstration, in which the con- 
clusion of each step is preceded by reasoning expressed with 
all the exactness of the minor premiss of a syllogism, of 
-which some previous proposition is the major premiss, 
has been adopted as offering a good logical training, and 
also as being peculiarly adapted for teaching large classes, 
rendering it possible for the teacher to call first upon one 
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then upon another, and so on, to take up any link in the 
chain of argument 

The principle of superposition has been made use of 
whenever possible, as affording the most convincing proof 
of equality of geometrical magnitudes. 

With a view to facilitating the student's progress it has 
been arranged that, as a rule, each proposition should have 
a page to itself, and that those of greater length should 
occupy pages facing each other: so also that propositions 
and the corresponding converse ones should be placed on 
opposite pages. Moreover, Definitions and Axioms, instead 
of being all at the beginning of the book, have been in; 
troduced when required. 

The great objection entertained by those in authority 
at the Universities towards modem text-books on Geometry 
is grounded on the fact that enormous inconvenience 
would arise in conducting examinations with no recognized 
sequence of propositions. This objection I believe I have 
effectually dealt with by giving demonstrations which 
depend on propositions occupying a prior position not 
only in this work but also in J^udid. 

How this and other points of general arrangement have 
been carried out will to some extent be seen by reference to 
the accompanying Tables and Scheme for Examinations. 
It will be readily seen that the scheme referred to offers 
fair rivalry between Euclid's proofs and others without 
necessarily displacing Euclid as a text-book. I think that 
there would thus be found no difficulty in conducting 
examinations under it, and this opinion is shared by 
Mr F. C Wace, M. A., Fellow and Lecturer of St John's 
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College, Cambridge, whose frequent experience as Mode- 
rator and Examiner for the Mathematical Tripos gives 
him a practical acquaintance with the difficulties which 
must accompany any such alteration, and to whom I am 
indebted for several corrections and suggestions in the 
revision of this work for the press. 

In conclusion, it remains for me to acknowledge the 
debt of gratitude due to my former tutor, the Rev. J. G. 
Mould, B.D.,late Fellow and Tutor of Corpus Christ! College, 
Cambridge: to. whom I submitted the work before placing 
it in the hands of the publishers last September, when he 
kindly offered many valuable criticisms, especially on my 
method of treating proportion. Since that time I have 
been pleased to find that the idea of establishing the 
various propositions on proportion for particular geometrical 
magnitudes has been approved of by some of the foremost 
mathematicians of the day. 

City of London School, 
March^ 1874, 
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Scheme for Examination on Geometry. 



Extent of Examination. 



Proofs allowed. 



All those portions of T Proofs of Euclid or others 
Euclid required by the Uni- < depending on previous pro- 
versities. Lpositions of Euclid. 



Also those Propositions 
on Proportion required for 
Euclid VI, XI, XII, estab- 
lished for the particular Geo- 
metrical magnitudes to which 
they are applied. 

With regard to Euc. /. 
29, 30. 



In the proofs sent up (if 
not Euclid's Book V.) the 
Definitions and Enunciations 
of previous Theorems on 
Proportion made use of to 
■be stated. 



Any proofs allowed, the 
•{ Axiom or Lemma on which 



I 



With regard to Etic. VI. ^ 
I- 33- 



they depend being stated. 

Any proofs allowed, the 
Definition or test of Pro- 
.portion being stated. 



N.B. When the Examiner wishes for other proofs than 
the above, the necessary restrictions and allowable as- 
sumptions may be given in the question. 
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PRELIMINARY NOTICES. 



The following symbols will be used simply in lieu of 
the words to which they are here prefixed. 



I angle. 

A triangle. 

O parallelogram. 

© circle. 

Oce circumference. 

J- perpendicular (to). 

II parallel. 



+ together with* 
= equal to. 
> greater than. 
< less than. 
'.* because. 
.'. therefore. 
: is to. 



The object aimed at is merely to place before the 
student the various steps of an argument in a more succinct 
form by curtailing the verbiage, thus enabling him to take 
in at a glance the outline of a proof. It must however be 
borne in mind that the words themselves must be substi- 
tuted in any examinations in which symbols are objected to. 
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It will be assumed as self-e\'ident that : — 

Things which arc equal to the same thing are equal to one 
another. 

The whole is equal to the sum of its parts. 

If equals be added to equals the wholes are equal. 

If equals be taken from equals the remainders are equal. 

If equals be added to unequals the wholes are unequal. 

If equals be taken from uneqtuUs the remainders are un- 
equal. 

Things which are double of equal things are equal to one 
another. 

Things which are halves of equal things are equal to one 
another. 

Equimultiples of equal things are equal. 

Things y of which the equimultiples are equal, are themselves 
equal. 

If one magnitude be greater than another, any multiple of 
the former is greater than the same multiple of the latter. 

If a multiple of one magnitude be greater than the same 
multiple of another then the former magnitude is greater than 
the latter. 



ERRATA. 

P. 12, 1. 7, for equal circles read ©s having equal radii. 
24, 1. 10 and p. 37, 1. 20, 22, for has been read is. 
38, 1. 4, for FE read FG, 
71 » 91 I3» i^» For definitions, see p. 86, 

io7> »» ^» fo^ divides read divide. 

129, „ I, add if possible, let them bisect each other; 

i3'> 9> I3> ^^'^ 'to it. 

201. In the diagram the diagonal of CJ FB is AC. 



PLANE GEOMETRY. 

« 

BOOK L 

INTRODUCTION. 

A point has no magnitude. It has position. 

A line has length but not breadth. 

The extremities of lines are points. 

A straight line is one which lies evenly between 
its extremities. 

It is taken for granted : 

That a straight line may be drawn from any one point 
to any other point ; 

And also that a terminated straight line may be pro- 
duced to any length in a straight line. 

A Buperfloies has length and breadth but not thick- 
ness. The extremities of superficies are lines. 

A plane is a superficies in which any two points being 
taken the straight line joining them lies wholly in that 
superficies. 

C. G. I 



2 INTRODUCTION, 

An angle is formed by two lines drawn from,a point. 

The two lines are called the arms^ and the point the 
vertex of the angle. 

If the arms are in one plane the angle is called a plane 
angle^ and if they are straight lines a plane lectiBneal 

angle. 

Whenever the term angle is used a.- plane rectilineal 
angle is meant unless otherwise expressed. 

The size of an angle does not depend on the length 
of its arms but on their direction, and is said to be greater 
or less according as the diflference of direction of its arms 
is greater or less.. 

It is evident'thafr 

Two straight lines-cannot enclose a space. 

Hence it follows that 

Two straight lines cannot have a common segment. , 



A. 



For if two straight lines AJBC, -^^^ could have a com- 
mon segment AB ; 

then the straight line -^^C might be turned about its 
extremity A^ towards the side on which BIT is, so as to 
cut BIT', 

and thus two straight lines would "enclose a space, which is 
impossible. 
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Hence it follows that 

If two straight lines pass through the saTne point they will 
coincide entirely or cut one another. 

For if not, if possible let them fall otherwise as A OB, 
FOQh^.\\ng a common point O^ 



Then A OB might be turned about one extremity A 
towards the side on which OQ is, so as to cut OQ and also 
OP. 

Thus two straight lines would enclose a space, which is 
impossible. 

It is evident that 

Magnitudes which may be made to coincide, i.e. exactly 
Jill the same space, are equal to one another. 

If two angles can be so placed that their vertices 
coincide and the arms of one fall along the arms of the 
other, thpse angles are said to be equal to one another, 




If the angle BAC were taken up, reversed, and then 
applied to its former position, so that A fell on its former 
position and -^C along that oi AB\ 
then would AB fall ' along that of -^ C 



( 4 ) 
STRAIGHT LINES, ANGLES AND TRIANGLES. 

Definition. 

A triangle is a plane figure contained by three straight 
lines. 

Proposition I. 

If two sides and the included angle of one triangle be 
respectively equal to two sides and the included angle of 
another triangle^ the triangles shall be equal in all respects. 




B C jB 

In the L%ABCyDEF, 
let the two sides AB^ACh^ respectively equal ioDE,DF, 
and lBAC=^EDF\ 

then shall the as ABCy DEFht equal in all respects. 



For since the iBAC\s = iht lEDF, 

the -A ABC may be applied to the a DEF so that A 

may fall on Z), and the straight lines AB, A C along DE^ DF\ 

then B will fall on ^, •.• ^^ is = DE, 

and C will fall on i^, \' AC is = I>F; 

,\ BC will coincide with El^. 

For if it fell otherwise, as EKF^ then two straight lines 

would enclose a space, which is impossible; 

.-. BC\%r^EF, 
Also the A -^-^C will coincide with and is /. = tiDEF, 
I ABC will coincide with and is .% = i DEF; 
so /^C^is= iDFE. 

Hence the a s ABC^ DEF are equal in all respects. 
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Definition. 

An isosceles triangle is one which has two of its sides 
equal. 

Proposition II. 

TTie angles at the base of an isosceles triangle are equal; 
and if the equal sides be produced^ the angles on the other side 
of the base shall be equal. 

Let ABC be an isosceles a , having 
the side AB = the side AC^ 

then shall the i ABC he = the ^ACB; 
also let the equal sides AB, AC he 
produced to G, If; 

then shall ^GBChe = irHCB. 




For if the figure were taken up, re- 
versed, and then applied tb- \X» former 
position- so that A might fall on its ' 
fonner position and ABG along that of ACH\ 

then would ACHiiSH along that of ABG; 

also B would fall on that of C, ', • AB is = ^ C, 

and C on that of B for the same reason, 

.•, ^C would coincide with its former position. 

Thus ABf BC would fall on the former positions of 
AC, CB; 

JLABCis= lACB. 



• • 



Also BG, j9C would fall along the former positions of 
CH, CB; 

.'. L GBCis^lHCB. 
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J 



Proposition III. 

If two angles and the adjacent side of one triangle are 
respectively equal to two angles and the (tdjacent side of another 
triangle^ then shall the trian^es be equal in all respects. 





In the AS ABC, DEF, let the z s ABC, ACB and 
the adjacent side -^C be respectively equal to the l s 
DBF, DFE and the adjacent side EF. 

Then shall the a.s ABC, DBF he, equal in all respects. 



For if A^^Cbe applied to t^DEF so that BC may 
fall on EF\ 

then will BA fall along ED, •.• l ABC is = z DBF, 
and CA will fall along FD, '.' i ACB is= l DFE-, 
.*. the point A will fall on the point D, 

.'. the triangle ABC mil coincide with the aJDEF, and is 
. '. equal to it in all respects. 
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Proposition IV. 

If two angles of a triangle are equal to one another^ the 
sides opposite to those angles are equal. 




Let ABCh^ a triangle, having 

the I ABC =^tht I A CB, 
then shall the side AChQ = the side AB, 



For if the a ABC be taken up, reversed, and applied 
to the former position of BC and on the same side of it as 
before, so that C may fall on the former position of B and 
B on that of C j 

then will CA fall along that of BA, •.• z ABC is = AsACB, 

and BA along that of CA for the same reason ; 

•*. A will fall on' it^ former position, 

and •••. -4 C will coincide exactly with that ofAB^ 

• '. ACis^AB, 
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. Proposition V. 

If the three sides of one triangle are respectively equal to 
the three sides of another^ the triangles shall be equal in all 
respects. 

Let the sides AB^ BC^ CA of the a ABC be respec- 
tively equal to the sides DE^ EF, FD of the a DEF. 

Then shalLthcL a s ABC^ DEFht equal in all respects. 



Suppose^tHe? a ABC taken up, reversed, and placed so 
that BCmBy fall omEF, 

and A on the opposite side of EF to that on which JD is, 
as If. 

Join BtZ>. 



(i) IfUD^utsEF. 
A. 








'.' EHS&^ED, .\ lEHD is- lEDH\ (i. 2) 
and ••• FHV&--FD, .\ lFHD is= l FJbH\ (i. 2) 
.•. the whole z EHF is = the whole l EDFy 
and ••. z ^^C is = l EDF. 
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(ii) If HD passes through one extremity of EFz& F. 





EHi&^ED, .\ lEHD\^^ lEDH\ 
and .-. lBACx^^ lEDF. 

(iii) If HD does not meet EF. 



(1.2) 




r EH is=: ED, .\ l EHD\%^ l EDH) (1.2) 
and '.' Fffis^ FD, .;. l FHD is = z FDH\ (i. 2) 

.-. L EHF is = ii EDF, 
and .-. L BAC is = z EDF. 

Thus in any case th^ 

lBAC\^^lEDF, 

also BAy ACaie respectively = jE'^, DF; 

.-.AS ^^C, DEF31Q equal in all respects. (Prop, i.) 
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Note. — Propositions I, III, and V hold if the triangles 
are situated thus : 





having the sides AB^ BC, CA corresponding to DE^ EF, 
FD. • 

In propositions I and III it will be necessary, after 
taking up a ABCy to reverse it before applying it to 
£^DEF. 

In proposition V, the lABC must be applied without 
being reversed. 

The demonstrations will be the same as before. 



Definitions. 

An eq^uilateral triangle is one which has all its sides 
equal. 

A circle is a plane figure containeH by one line called 
the drciunference^ and is such that all straight lines drawii 
from a certain point within the figure to the circumference 
are equal. That point is called the centre of the circle, 
and those straight lines radii^ 

It is taken for granted that a circle can be described 
having any centre and radius equal to any. given straight 
line. 
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Problem A. 



Describe an equilateral triangle upon a given straight line. 




Let AB be the given straight line. 

It is required to describe an equilateral triangle upon AB. 



With A as centre, and radius AB, describe the circle 
BCD, and with B as centre and radius BA describe the 
circle ACE, 

Let these circles intersect in C; join CA, CB. . 

Then ABC shall be the equilateral triangle required. 



••• A is the centre of the 0-5 CZ?, .% AB is =^C, 

and •.• ^ is the centre of theO-^C^, .-. AB is- BC, 

.-. ACis^BC; 

.'. ABC is an equilateral triangle, and it has been described 
upon AB. Q. £• F, 
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Problem B. 
To bisect a given angle. 




Let DAE be the given angle. 
It is required to bisect it 



With centre A describe a circle cutting ADy AE in the 
points B and C. 

With centres B and C describe equal circles cutting 
one another in F. 

Join AF', then l DAE shall be bisected by AF. 



Join BF, CF 

Then •.• in the a s ABF, ACF, 

BA is = CA, BF^ CF^ and AF\z common ; 
.'. the A s ABFy ACF^xt equal in all respects, (i. 5) 
and .-. the lBAF\%=^^^ i CAFy 

.•. L DAE has been bisected by AF. q. e. f. 
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Problem C 
To bisect a given straight line. 




Let AB be the given straight line. 
It is required to bisect it. 



With centres A and B describe two circles having 
equal radii intersecting in (7, 2?. 

Join CI> cutting AB in E ; 

then AB shall be bisected in £. 



Join A Cy CBy BD, DA. 



Then •/ in the as A CD^ BCD^ 

AC, CD, DA aie respectively = -5(7, CD, DB, 

\\ A s A CD, BCD are equal in all respects, 

and .-. lACD is = z BCD. (l 5) 

Hence in the £^%ACE,BCE, 

AC, CE and the included z ^C!5 are respectively = i?C, 
CE and the included lBCE\ 

.'. A s ACE, BCE are equal in all respects, 

and .". AE is =BE; (i. i) 

. ,*. AB has been bisected in E» q. e. f. 
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Definition. 

When one straight line, standing on another straight 
line, makes the adjacent angles equal to one another, 
each of them is called a right angle ; and the straight 
line which stands upon the other is said to be perpen- 
dicular to it. 

Proposition YI« 

If two straight lines cut one another t/ie opposite angles 
shall be equal. 




Let two intersecting straight lines form the four angles 
Then shall the opposite angles ^, ^ be = one another. 



For if the figure were taken up, reversed, and placed 
so that each of the arms of H might fall along the former 
position of the other arm; then each of these lines produced 
would fall along the former position of the other. 

Thus the arms of A would fall along the former positions 
of the arms oi B\ 

.'. the angles A^ B are equal to one another. 

Siipilarly the angles ZT, JTmay be proved ^ual. 
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Cor. If DBF be any angle^ the adjacent l DEK formed 
by producing one of its arms FE is = the adjcu:ent l FEL 
formed by producing the other arm. 



For they are opposite angles. 
.*. if an angle = one of its adjacent angles it is also = the 
other, 

.'. if one straight line is ± to another, the latter is x to 
the former. 

Thus each of the arms of a right ^ is ± to the other. 
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Proposition VIL 

// is always possible to draw a straight line perpendiailar 
to a given straight line from a given point in the same. 







"^t 

f 
f 
/ 




N 
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Let BC be the given straight line, 

and A the given point in it. 
Then from A a straight line can be drawn x BC, 



From ABy A C cut oflf equal parts AD^ AE. 

With D and E as centres, describe equal Os intersect- 
ing in 7^ 

Join AF. 

Then AF shall be x to BC. 



Join JDF, EF 



'.' DA is^EA, I?F==EF, and AF common to the two 

A s DAF, EAF, 
r. these a s are equal in all respects; (i. 5) 

.\ I DAF is = L EAF, 
.-. AF is ±toBC. (Def.) 



RIGHT ANGLES. 
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Proposition VIII. 

From a given point in a given straight line there cannot he 
drawn more than one straight line perpendicular to it. 



-S : 

For if possible 

let AFdJid AG he each of them x to BC. 



.\ IS FAB, FACzxt equal to one another, 
and also l s GAB, GAC are equal to one another, 

which is impossible. 

.'. from a given point in a given straight line there 

cannot be drawn more than one straight line x to it. 

Cqr. All right angles are equal to one another. 



G 



iX 



■B C 21 K 

Let ABC, GHK be two right angles, 

and let the l ABC be applied to the l GHK, 

so that B may fall on H, and BC along HK, 

then will BA fall along HG. 

For if it fell in any other direction, as HX, then from H 
there would be drawn two straight lines HG, HX, x to 
HK, which is impossible ; 

.*. BA must fall along HG, 
and .-. L ABC is = i GHK. 

C. G. 2 



i8 
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Proposition IX. 

The angles which one straight line makes with another 
upon one side of it are either two right armies or are together 
equal to two right angles. 

Let the straight line AB make 
with CD upon one side of it the 
L s ABC, ABD. 

These shall either be two 
right z s ; c J3 j> 

or shall together be = two right l s. 

If the lABCis^XhtiABD'y 

then each of them is a right l . 
But if not, 

through B draw BE x to CD; 
then the z ABC is = the z s CBE and EBA together ; 
.*. the / s ABC and ABD are together = the i s CBE, 
EBA and ABD ; 

of which CBE is a right z , 
and EBA, ABD make up a right z ; 
.-. z s ABCy ABD are togedier = two right z s. 

CoR. If a number of straight 
lines BA, BC, BF, BE meeting 
in the point Bform angles A BC, 
CBF, FBG, GBA whithfiU up 
the space about B, then these z s 
are together = 4 right z s. 

For produce CB to X. 




Then all the z s ABC, CBF, FBG, GBA are equal to 
the z s on one side of CBX together with the z s on the 
other side of CBX, and are ,% = four right z s. 
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Proposition X. 

If two straight lines, drawn from one extremity of a 
straight line on opposite sides of it, make the adjacent angles 
together equal to two right angles, these two straight lines shall 
be in one and the same straight line. 




Let BC, BD drawn from B one extremity of AB 
make the adjacent l s ABC, ABJD together = two right 
angles. 

Then shall BD be in the same straight line with BC, 



For if not, if possible, let BE be in the same straight 
line with ^C; 

.-. z s ABC, ABE are together = two right angles; (i. 9) 

and are .•. = z s ABC, ABD ; (l^yp-) 

.*, L ABE is = z ABDy which is impossible. 

.*, no other straight line than BD is in the same straight 
line with ^C; 

.• . BD is in the same straight line with BC* 



2—2 
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Proposition XI. 

It is always possible to draw a perpendicular to a given 
straight line of an unlimited length from a given point 
without it. 




Let A be any point without the straight line JBC of 
unlimited length. 

Then from A a straight line can be drawn x to BC, 



With centre A describe a © cutting BC in D and JS, 

With centres 2? and JS describe equal ©s intersecting 
in/: 

Join AJ^, cutting BC in G, 

Then shall AG be x to ^C 



Join AD, AE, FD, FE. 

Then •.• DA, AF, FD are respectively = EA, AF, FE ; 

.-.AS DAFy EAFzxt equal in all respects, 

and .-. I DAF is = z EAF. (i. 5) 

Again, '.• DA, AG and the included i DAG are re- 
spectively = EA, AG, and i EAG; 

••• the A s DAG, EAG are equal in all respects ; 

/. I DGA is = ^ EGA ; (i. i) 

.-. AG is X to BC. 
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Proposition XIL 

There cannot be drawn more than one perpendicular to a 
given straight line from a given point without it. 



S 




\l 



Let A be the given point, and BC the given straight line ; 
and let AQhe drawn from AjlIoBC. (i. io) 
Then no other straight line besides AQ can be drawn 
from -^ X to BC. 

Draw any other straight line AJ^ from A to BC. 
Produce AQ, and make the produced part QF=^AQ. 

Join FR. 



Then •/ l AQR is a right z , .'. i FQR is a right l . (i. 9) 

Hence in the a s ^ QR, FQR, 

AQ, QR and i AQR are respectively equal to FQ, QR, 

and I FQR ; 

.-. I ARQ = z FRQ. (i. i) 

.•. it ARQ were a right angle, 

the I s -«4^^, FRQ would be together = two right angles, 

and .'. ARF would be a straight line ; (i. 10) 

and thus two straight lines would inclose a space, which 

is impossible. 

/. AR is not ± to BC. 
Similarly it may be proved that no other straight line 
besides AQ, drawn from A to BC, is ± to it 
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Inequalities. 

Proposition XIII. 

If a side of a triangle be produced the eocterior angle is 
greater than either of the interior and opposite angles. 




Let the side BCof a ABC be produced to Z>. 
Then shall the z ^CZ> be > either of the l^BAC, ABC. 



Bisect AC \n E*^ join BE and produce BE to F^ 

making EF^ BE, 

Join CF. 



Then, •.• AE, EB are respectively = CE, EF, 

and I AEB is =» z CEF-, (i. 6) 

.-. the I EAB is = the t ECF (i. i) 

But the lACD\^> the l ECF\ 

.-. z^CZ>is>the lEAB\ i.e. i CAB. 



Similarly it may be shewn, if ^Cbe produced to G^ 
that L BCG is > the i ABC. 
But lACD\s=^ I BCG ; (i. 6) 

.-. z ^CZ? is > the z^^C. 
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Hence it follows that 

Any two angles of a triangle are together less than two 
right angles. 




Let -^^C be 3. a.. 

Then shall any two of its angles;, as ABC ^aid ACB^ 
be together < two right angles. 



Produce -^ C to Z>. 



Then l ABC is < the exterior i A CD; (i, 13) 
.-. z s ABC, ACB are together < the 2: s ACJ?, ACBj 
and are .*. < than two right angles. (h 9) 
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Proposition XIV. 

The greater side of every triangle has the greater angle 
opposite to it. 




Let ABC be a a having the side AC greater than the 
side AB, 

Then shall the l ABC he greater than the i ACB. 



From A C cut off AD = AB, 
and join BI>. 



Then ••• AB is = AD; .% l ABD is « z ADB. (i. 2) 
And •.• the side CD of a BCD has been produced to A, 
.•. z ^Z>-^ is greater than zZ>C5; (i« 13). 
.'. also L ABD is greater than l DCB, 
Much more then is i ABCgrtoXer than i DCB, 

i.e. z ^C^. 
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Proposition XV. 

7^ greater angle of every triangle has the greater side 
opposite to it. 




Let ABCht a a having the i ABC'> the l ACB, 
then shall the side y^Cbe > the side A£. 



For if not, y^C must either be = AB or < AB, 

-4 C is not = AB, for. then would i ABC be = z ACB, 
but it is not (i. 2) 

And AC IS not < AB, for then would i ABC be < 
I ACBy but it is not (i. 14) 

.•. -^Cis > AB. 
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Proposition XVI. 
Any two sides of a triangle are together greater than the 
third. 

Let ABCh^ a a. r?^ 

. •* « 

Then shall any two of ,..-''' 

its sides, as ABy AC, be 
together > JBC»> 




Produce £A to K, making AK^AC, and join KQ 



Then-.'^iris = ^C; /. i ACKi%= i AKC] (1.2) 
but lBCK\%> lACK; 
.-. lBCKi^^ lAKC, i.e. lBKC\ 

.\BJS:is:>BC] (I. 15) 

but ^ifis = BA and AC together; 
.-. BA, AC axe together > BC 

CoR. Zet two jffoints A, B be joined by a path which is 
as short as any which can be drawn between them. Then 
every point in this path shall lie in the straight line AB, 

For if not, if possible, ^ 

let a point Q, in the path --"l^^^^^^^^^^"^^^^^^ 
be without AB. ^.^^f^irk^^^^— ^— ^-^^T T^s^ 

Join^G^Q. ^ Jf^ M B 

From AB cut o^ AE ^AQ, and BF= BQ. 

Then to AE, BF may be applied the portions of the 
path AQy BQy meeting in some point Z, and thus forming 
a path AZB between A and B shorter than the former, 
which is impossible. 

Hence it follows that 

the shortest distance between two points is a strctight line. 
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Proposition XVII. 

If f rem the ends of one of the sides of a triangle there be 
drawn two straight lines to a point within the triangle: these 
shall be less than the other two sides of tJie triangle but shall 
contain a greater angle. 




From the ends B^ C of the side BC of the t.ABC 
let the two straight lines BD^ CD be drawn to a point D 
within the a ; 
^hen shall BD^ DC together be less than BA zxAAC^ 
but the L BDC shall be greater than l BA C. 



Produce BD to meet the side AC in JS. 



Then BA and AJS are together greater than B£; 

add to each EC; (i. i6) 

.'. BA and AC sue together greater than BB and £C 
Again, DJS and JSC are together greater than DC; 

add to each BD; (i. i6) 

.'. BE and EC are together greater than BD and DC 
Much more then are BA and AC greater than BD 
and DC, 



Also, since ED of a CED has been produced to B ; 

.'. z^2>C is greater than lDEC; (i. 13) 
and •.• AE of i^ABE has been produced to C; 

.'. L BEC is greater than l BAE. 
Much more then is i BDC greater than l BAEj 

i.e. lBAC 
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INEQUALITIES. 

Proposition XVIII. 



If two triangles have two sides of the one equal to two sides 
of the other; but the angle contained by the two sides of one of 
them greater than the angle contained by the two sides of the 
other; then shall the base of that which has the greater 
angle be greater than the base of the other. 




In the two as ABC, DEF, 

kt ABy A Che respectively equal to Z>jE, DF^ 

but the z ^^C be > the l EDF, 

then shall BC be > EF. 



Place the a ABC so that AB shall fall on DE^ the 
point C falling on Q on the same side oi DE as F. 



ist. Let EQ cut DF\ join FQ,. 
Then •.• DF\& = DQ, .-. l DFQ is = i DQF; (i. 2) 

and is .'. > i EQF. 
Much more then is i EFQ > i EQF; 

.\EQis:>EF; (i- ^S) 

i.e. BC is >EF 



2nd. Let EQ pass through F. 





Then it is evident that ^Q is > EF. 
le.BCis>EF. 
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3rd. Let EQ not meet DR 



29 





Then •/ EQ, QD are together > EF, FD, 

and QD 13=^ ED; 

.'. EQ is > EE, i.e. BC is > EE 



(I. 17) 



Proposition XIX. 

-^ /^^ triangles have two sides of the one equal to two 
sides of the other ^ but the base of one greater than the base of 
the other; then the angle contained by the sides of thai triangle 
fvhich has the greater base shall be greater than the angle 
contained by the sides equal to them of the other. 

7> 





Let ABC, DEE be two a s having the sides BA, AC 
respectively equal to the sides ED, DE\ 

but the base BC > than the base EE, 
Then shall the i BAC be > the i EDE 



For if the iBAC were < the i EDE, 
then would the base BC be < the base EE, (i. 18/ 

but it is not ; 
and if the lBAC were = the i EDE, 
then would the base BC be = the base j&i^ (i. 4) 

but it is not; 
.-. the L BAC mast be ?- the z EDE 
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Problem D. 

Describe a triangle having its sides equal to three given 
straight lines, any two of which are together greater than the 
third, ' 






jl _ I X--LH" 




-^i ' £ ^ F ; ,21 'K 






Let A, B, C be the three given straight lines, any two 
of them being together greater than the third 

It is required to. describe a a having its sides equal to 
A^ By C respectively. 

Take a straight line DK unlimited towards K-, cut off 
JDE, EFy FMtq}Ji2l to A, B, C respectively. 

With jE as a centre and radius ED describe the circle 
DGHi 

and with E b,s a, centre and radius EM describe the 
circle LHM. 

Join EH, EH. 

Then EEH\% the a required. 



For its sides HE, EE, EH are respectively equal to' 
DE, EE, EM; 

and therefore to A, B, C 
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Problem E. 

Ai a jffoint in a given straight line to make an angle equal 
to a gvvm angle. 





Let BAC\i^ the given angle. 
It is required at the point D in DE to make an z = z BA C. 



With centre A describe a circle cutting AB, AC in F 
and G', and with centre D describe an equal circle HKM 
cutting DE in H. 

Join FG : with centre H and radius = FG describe a 
circle cutting the circle HKM in K, 

Join DK\ then EDK\^ the z required. 



Join ^^2 
Then, •.• HD^ DK^ KH are respectively equal to FA^ 
AG, GF) 

.•. AS JlDKy FAG are equal in all respects ; (i. s) 
and .-. I HDKis = i FAG. 
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Problem F. 

Find the shortest path from a given point to a given 
straight line. 




Let A be the given point and BC the given straight 
line. 

From A let fall AQ x to BC. 

Then shall AQhe less than any other straight line AB 
drawn from A to BC. 



For since i A QR is a right angle, 

.-. L ABQ is < a right angle ; (i. 13) 

.-. iABQis< lAQB; 

.'. AQ is <.AR. (i, 15) 

Hence AQ\z the shortest path from A to BC. 



Note, By the distance of a point from a straight line, 
is meant the shortest path from the point to the line. 

Hence the distance of a point from a straight line is 
the perpendicular let fall upon it from the given point 
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Deduction G. 
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If foinis he taken along one of the arms of an angle 
farther and farther from the vertex^ their distances from the 
other arm will at length be greater than any given straight 
line. 




(}a 



JTJP 



Let AOCheihe given angle, 

then a certain number of these angles AOC, COR^ &c. 
will be together > a right l A OK. 

From OA cut off that same number of parts OG^ GH^,,, 
NP^ each equal to the given straight line. 

Draw PQ, x to OC^ 

PQ shall be > OG. 



Let the a OPQ be turned about OQ into the position 
OPQ} then about OP and so on, till the number of these 
A s is equal to the nimiber of parts in OP ; 

thus the I ZOA is > the right i KOA ; 

also PQPZis > OP, for PQPKis > PK^ and /. > OP] 

••. PQ is > OG. 

C. G. 3 
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PARALLEL STRAIGHT LINES. 



Axiom. Jf one straight line he drawn in the same plane 
as another, it cannot first recede from and then approach to the 
other, neither can it first approach to and then recede from the 
other on the same side of it. 



Introductory Lemma. 

Through a given point without a given straight line one 
and only one straight line can be drawn in the same plane 
with the former which shall never meet it. 

Also cUl the points in each of these straight lines are equi- 
distant from the other. 

Let A be the given point 

without the given straight Sl A ^ 

line j5C 



From A draw AQ j. to 3 tl V 

BC, and through A draw 
RAS i.\o AQ. 

Then the figure may be turned about AQ till QC falls 
along QB and AS along AR. 



A. 



A 
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Hence, if there are points in RS on one side of 4 
nearer to ^C than A is, so also are there corresponding 
points on the Other side of A nearer to BC than A is ; 
which is impossible. 
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And if points in JRS on one side of A are farther from BC 
than A is^ so also are there corresponding points on the other 
side of -^ farther from ^ffCthan A is; which is impossible. 

.*. all points in JRS are equidistant from BC. 

Similarly all points in BCsltc equidistant from I^S, 

Again, if any line be drawn through A other than IdASf 
and points taken along that part of it which is on the 



M. 



.x» "; 



o 



same side of I^AS as BC is, farther and farther from A, 
their distances from J^AS will at length be greater than 
AQ: (I. G.) 

.•. the straight line thus drawn will at length cut BC. 

Hence through A no other straight line besides BAS 
can be drawn which shall never mQQtBC. 

Def. Straight lines, lying in the same plane and which 
will never meet, though produced ever so far both ways, 
are called paralleL [The name being due to the property 
established in the foregoing Lemma.] 



-♦ 2 
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Proposition XX. 

If^ in a plane, a straight line, meeting tuw other straight 
lines, makes the alternate angles equal to one another, these two 
straight lines shall he parallel 

19 ft 
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Let the straight line GjET, meeting the two straight lines 
jPQ, jRS, make the alternate i s PGH, GHS equal to one 
another. 

Then shall PQ be 1| to RS, 



For, if not, PQ, RS when produced will meet either 
towards QS or towards PR. 

Let them, if possible, be produced to meet towards Q, S 
in the point X 

Then GHXisz a; 

and the exterior i PGH is > the interior and opposite 
lGHX\ (i. 13) 

but it is also equal to it, which is impossible. 

,\ PQ, RS do not meet when produced towards Q, S, 

Similarly it may be proved that they will not meet if 
produced towards -P, R. 

.*. they are parallel. 
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Hence are easily deduced the following Theorems : 

If a straight line, falling upon two other straight lines, 
makes the exterior angle equal to the interior and opposite upon 
the same side of the line, the two straight lines shall be parallel. 




Let the straight line EFGHy falling upon the two straight 
lines ABy CD, make the exterior angle EFB = the interior 
and opposite z FGD upon the same side of EF. 

Then shall AB be || to CD. 



For the / EFB is = the vertical / AFG ; (i. 6) 
L AFG is = the l FGD, and these are alternate. angles ; 

.•• ^^ is II to CD. 



Also 

If a straight line falling upon two other straight tines 
makes th^ interior angles upon the same side of the line together 
equal to two right l s, these two straight lines shall be parallel. 

For let the z s BFG, FGD be together equal to right i s; 
.•. they are together - z s BFG, AFG : (i. 9) 
take away the common i BFG-, 
,\ L FGD is = z AFG, and these are alternate angles ; 

.\ AB'\&\^ CD. 
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Proposition XXI. 

If a straight line meets two parallel straight lines it makes 
the alternate angles equal to one another. 

Let the straight line FE y. 

meet the two |] straight lines ji 
AB, CD. ^ /-*' ^ 

Then shall z AFQ be = the h 

alternate l FGDl ^ ^ 



For if not, if possible, at F in FG draw another line 
XFY, making l XFG = l FGD. (i. 20) 

Then.jr7^yis || to CD. 

.'. through ^ two* straight lines have been drawn n to 
CD^ which is impossible.' (Lemma.) 

.•. L AFG is « Ae alternate l FGD. 



Hence are easily deduced the following Theorems : 

If a straight line fall upon two parallel straight lines ^ it 
makes the exterior L.—the interior and opposite upon the same 
side. 

Let HK fall upon the two ll 
straight lines AB^ CD\ 

then shall the lHFB be= -^ 
L FGD. 

For L AFG is = the alternate ^ 
L FGD. 

And L AFG is = the vertically opposite l HFB \ (i. 6) 

.-. I HFB IS ^ I FGD. 
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If a straight line fall upon two parallel straight lines^ 
th€ two interior angles upon the same side shall together be 
equal to two right an^es. 

That is, the z s BFG^ FGD shall be together = two 
right angles. 

For L AFG is = the l FGD, 
and .-. z s AFGy BFG are together = z s FGD, BFG. 
But L s AFG, BFG are together = two right z s; (i. 9) 
/. z s FGD, BFG are together = two right z s. 



Cor. If AB, BC are two straight lines respectively n to 
DE, EF, then shall z ABC be = z DEF 



For, let BC, ED, produced, if necessary, intersect in H, 

Then z sABC, DEFzxq each = z DHG, and are there- 
fore equal to one another. 
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Proposition XXII. 

Straight lines which are faraJlel to the same straight line 
are parallel to one another. 



Let the straight Imes A^ B be each of them i| to C. 
Then shall A^ B be |1 to one another. 



For if not they will meet if produced, and there will 
thus be drawn through one point two straight lines parallel 
to the same straight line, which is impossible. (Lemma.) 
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Proposition XXIII. 

Straight lines which join the extremities of equal and 
parallel straight lines towards the same parts are themselves 
equal and parallel, 

J? 




Let AB be = and || to CD, 

Join AC, BJb. 

Then shall -4 C be = and u to BD. 



Join BC. 

Then •/ AB is n to CD\ .-. l ABCis = i DCBy (i. 21) 

and •.• in the as ABC, DCB, 

AB, BC, and the included l ABC, are respectively 
= DC, CB, and l DCB\ 

.-. the A s ABC, DCB zxt equal in all respects, (i. i) 

Hence ^ C is = Z>^. 

Also iACBis = iDBC, 

and .\ AC is \\ to BD. (i. 20) 
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Proposition XXIV. 

If one side of a triangle he produced^ the exterior angle is 
equal to the two interior and opposite angles; also the three 
interior angles of every triangle are together equal to two right 
armies. 




Let ABC be a A, 
and let one of its sides BChe produced to J^. 
Then shall i ACK be equal to the angles ABC^ BAC 
together; 

also the three interior angles of the a ABC shall be 
together equal to two right angles. 



Through C draw CH |i to AB. 



Then •.• CH\% || to AB^ and AC meets them, there- 
fore lACH is « the alternate l BAC. (i. 21) 

Again, *.• CH is il to AB^ and BKi2^ upon them ; 

.'. the exterior l HCK is = the interior and opposite 
I ABC; (i. 21) 

.'. the whole z ACJ^ is = the two angles ABC, BAC 
together. 

Now to each of these equals add the z ACB ; 

.•. the two angle*' ^CAT, ACB are together = the three 
z s of the A ABC; 

but the two angles ACJ^, ACB are together = two 
right z s; . (i. 9) 

.'. the three z s of £i ABC are together = two right z s. 
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Proposition XXV. 

If two angles of one triangle are equal to two armies of 
another^ then shall the remaining angle of the one he equal to 
the remaining angle of the other. 

For the three angles of each a are together = two 
right L s; (i. 24) 

••. the three angles of the one are together = the three 
z s of the other; 

but two z s of the one are = two z s of the other ; 

.'. the remaining z of the one is = the remaining z of 
the other. 



CoR. If two angles of one triangle are equal to two 
angles of another^ and any side of one is = the corresponding 
side of the other ; then shall the as be equal in all respects. 

For, by the proposition, the remaining z s are = one 
another. 

Hence there are two angles and the side adjacent in 
the one triangle equal to two angles and the side adjacent 
in the other; 

.*. the A s are equal in all respects. (i. 3) 



( 44 ) 



QUADRILATERAL AND MULTILATERAL 

FIGURES. 



Definitions. 

Bectilineal figures are those contained by straight 
lines. 

Quadrilateral figures by four straight lines. 

Multilateral fig^es^ or polygons, by more than four 
straight lines. 

A parallelograin is a four-sided figure, of which the 
opposite sides are parallel. 

. The straight line joining the opposite angles of a quad- 
rilateral figure is called a diag0iu£l. 

Proposition XXVI, 

The opposite sides and angles of a parallelogram are equals 
and the diagonal bisects it. 

Let ABCD be a O , and 
BD a diagonal. 

Then shall AB be = CD, 
AD=BCy I BAD^ L BCD, 
L ABC = L ADC, and a d 
ABD = A CDB. 




'.' AB is 11 to DC, .-. z ABD is = z BDC, (i. 21) 

and ••• AD is n to BC, .-. / ADB is = z DBC, (i. 21) 

.*. the whole z ABC is = the whole i ADC 

Also •.• z ABD, L ADB, and the side BD, are re- 
spectively = z CDB, z CBD, and side BD \ (i. 3) 

.*. AS ABD, CDB are equal in all respects; .'. AB, 
AD, and z BAD are respectively = CD, CB, and z BCD, 
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Proposition XXVII. 

If one angle of a parallelogram is a right angle^ all its 
angles are right angles^ 



H 



Let PQRS be a O , having the l PSR a right i . 
Then shall the other angles oi PQRS be right l s. 



•••/^Sis II to QJR\ 

.'. L sPSRy QRS are together = two right is: (i. 21) 

but z PSR is a right z ; 

.'. also z QRS is a right z ; 

.•. the A sPQR, SPQ opposite to these are right z s. (1.26) 



Definition. 



A rectangle is a right-angled parallelogram, and is 
said to be contained by any two of its adjacent sides. 
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Definition. 

A square is a four-sided figure, having all its sides equal 
to one another; and all its angles right angles. 



Proposition XXVIII. 

If two adjacent sides of a rectangle are equals the figure 
is a square. 




Let A BCD be the rectangle contained by AB^ AD^ 

and let ^^ be a ^Z>. 
Then A BCD is a square. 



For since ABCD is a O , .'. AD is = BC^ (i. 26) 

and AB is =s DC^ (i. 26) 

also, by hypothesis, AB is = AD\ 

.'. ABCD is equilateral. 

It \% also rectangular ; 

.\ ABCD is a square. 



QUADRILATERALS AND MULTILATERALS. 4/ 

Proposition XXIX. 

If the sides and angles of one rectilineal figure are respect- 
ively equal to the corresponding sides and angles of another^ the 
figures are equal in all respects. 





Let the sides and angles of the rectilineal figure 
OPQRS be respectively equal to those of CDFGH. 

Then shall these figures be equal in all respects. 



For let the figure OPQRS be applied to CDFGH, so 
that O may fall on C and OP along CD, then P will 
coincide with D, and .'. PQ will fall on DF, '.' l OPQ is 
= L CDFy and so on. Thus the figure OPQRS will coincide 
with CDFGHy and will .'. be = it in all respects. 

Cor. If two adjacent sides and the included l of one EJ 
are respectively equal to two adjacent sides and the included 
I of another O , then these O s are equal in all respects; 
therefore also if two adjacent sides of one rectangle are equal 
respectively to two adjacent sides of another^ the rectan^es are 
equal in all respects. 

N.B, If a, b are two straight lines, then a rectangle 
Having two of its adjacent sides respectively = tf, b will be 
spoken of as the " rectangle contained by (a, ^)," which will 
be written thus, " rect (tf, ^)." 
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Proposition XXX, 

If the sides of a polygon he produced in order, the exterior 
angles shall together be equal to four right angles. 




^ u 




Let the sides of the polygon NOPQRS be produced 
in order. 

Then shall the exterior angles be together = 4 right l s. 



Through any point K draw Ku, Kv, Kw, &c. to OU, 

Then the exterior l^UOV, VPW, WQXy &c of the 
polygon are respectively = the ii s uKv^ vKw^ wKu^ &c, 

(I, 21) 
and are ••. together = four right l s. (i. 9) 
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Cor. All the interior angles. of a polygon together with 
four right angles are' equal to twice as many right angles as 
the figure has sides. 




For the i NOP of the polygon together with the ex- 
terior L UOV makes up two right z s. (i. 9) 

Hence all the interior z s of the polygon together with 
the adjacent exterior z s are equal to twice as many right 
z s as the figure has sides ; 

but all the exterior z s are == 4 right z s ; 

/.all the interior z s of the polygon together with four 
right z s are = twice as many right z s as the figures has 
sides. 



C.G. 
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Problem H. 

To divide a straight line into any given number qf equal 
parts. 




Let it be requiied to divide the straight line AB into 
five equal parts. 

Through A draw any other straight line ACi 

from it cut off any part AD, 
and also DE, EF, FG, Glfea-ch equal AD; 
join IfF, and through D, E, F, G draw lines ii to HB 
and cutting AB in X; V, Z, W; 

then shall AB be divided into five eqiial papt& 



l^tdiw DM, FK\\ to AB. 



Thenthezffof aJ^JI/!^ are=11ie L^oi i^AXD'y{i,^i) 

and DE is = AD. 
.-. DM«AX{i. 3); .\XY=^AX. (i. 26) 

Similarly YZ, &c. are each = AXy 
and ,\ AB is divided into five equal parts. 



In like manner may a straight line be divided into any 
^ven niunber of equid parts. 
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Problem K. 
Describe a square on a givoi straight line. 




Let AB be the given straight line. 
It is required to describe a square on AB. 



Through A draw AC jl to AB, 

from AC cut of[ AH ^ AB. 

Through ZTdraw HK^ to AB, 

and through B draw BK \\ to AH. 

Then ^^^ZT shall be the square required. 



For, by construction, AK is a O . 

.-. ^^ is = HK, (i. 26) 

3Xidi AH =BK, ([.26) 

also AH is = AB'y 
.'. AK\s equilateral; 
also •.• I BAHis a right z ; 
.*. all the I s of -4-^ are right is; (i. 27) 

the CJAKis both equilateral and rectangular, 
and is .*. a square. 

4—2 
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AREAS. 

Proposition XXXI. 

Parallelograms on the same base and between the same 
parallels are equal 

7~ 






B C 

Let the O s ABCD, EBCF be on the same base BC, 
and between the same parallels AF^ BC, 

Then shall the EJABCD be = the EJ EBCF. 



•.• AC'\% aO, .% AD = BC', (i. 26) 

and •.•^CisaZI7, .\EF\^^BC\ (l 26) 

.-. AD is = -ffi^i 

.-. AE^DF 

Also -4J? = DC and ^^ = C^; 

.-. aABE^ aDCF. 

Now from the quadrilateral ABCF take the a ABE^ 

and from the same figure take the a DCF\ 
.-. the remainder, Xh^ EJEBCF, is = the CJABCD. 




If the sides opposite the base terminate in the same 
point 2), 

then each of the Os is double of the ^DBC'y (l 26) 
.-. CJABCDi^^UDBCF 
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Definitions. 

The greatest perpendicular which can be let fall from 
a point in the boundary of a figure on the base or base 
produced is called the altitude of the figure. 

The perpendicular let fall on the base or base produced 
of a A from the vertex is called the altitude of the a . 

Perpendiculars let fall on the base or base produced of 
a O from points in the opposite side are equal to one 
another, and any one of them is spoken of as the altitude 
of the ZI7 . 

If any one of the sides of a rectangle be taken as the 
base, then either of the adjacent sides is equal to the 
altitude. 

.'. rectangles, whose bases and altitudes are equal, are 
themselves equal in all respects. (i. 29) 



Corollaries to Proposition XXXI. 

A O is = the rectangle on the same base and between 
the same parallels. 

ue. a O is = the rectangle having the same base and 
altitude; but all rectangles having equal bases and altitudes 
are equal. 

.'. a O is = any rectangle of equal base and altitude. 

.*. all parallelograms, having equal bases and altitudes, 
are equal. 

Thus parallelograms upon equal bases and between the 
same parallels are equal. 
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Proposition XXXIV. 

77ie complements of the parallelograms^ which are about 
the diameter of any parallelogram^ are eqtialto one another. 




com 



Let FGHK be a O, and GK one of its diagonals, 
«« ""'"OS about the diagonal. 

', QH^ the remaining Os, which are called 
, shall be equal to one another. 



" — __« J — >— — — 
and SRy FN Os about the diagonal 

Then FQ^ QH^ the remaining Os, wl 
iplements, shall be equal to one another. 



For •.• Os are bisected by their diagonals, (i. 26) 
. t^SOQ is == A.RGQr and t.FQK^ t.NQK\ 
A s SGQ, FQK are together = a s RGQ, NQK\ 

but the whole a i?r?Z' is = the a ^GX; 
.'. the remainder FQ is = the remainder QH, 



AREAS. 
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Proposition XXXV. 

/// any righi-angle^ triangle^ the square described on the 
side opposite the right angle is equal to the squares described 
on the sides containing the right angle. 

Let PN, PF, RK be 

squares described on the 
sides of the right-angled 
t.PQR. 

'•Then shall PN the 
square on the side oppo- 
site the right L be equal 
to PF, RK. 



Through R draw ICC 
to PH, join RH, SQ. 




Now the right z 5/^je ^ ' c j)r 

is - the right i QPH\ add to each the l RPQ ; 

.-. the I SPQ is = the i RPH. 
Hence SP, PQ and the i SPQ are respectively = RP, 
PH, and the I RPH\ 

.'. the aSPQ is = the a RPIf. (i. i) 

Now the EJ PC is double of the t^RPH, because they 
are on the same base and between the same parallels, (i. 32) 
Also ^• FRP and QRP are right i s ; 
,\FRQ is a- straight line (i. 10), and it is [| to SP, 

.-. njSPRFk double of the a SPQ, (i. 32) 
.'. O -PC is = SPRF the square on PR. 
Similarly it- may be proved that the O ^C* is = the 
square on RQ; 

.'. the whole figure PHNQ, that is the square on PQ, 
is = the squares on PR, RQ. 
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Proposition XXXVI. 

If the square described on one of the sides of a triangle be 
equal to the squares described on the other two sides of it, the 
angle contained by those sides is a right angle. 




a 

Let the square described on the side PQ of the a PQR 
be equal to the squares on PR, RQ. 

Then shall the iPRQhea, right a . 



Through R draw RS ± to PR and = RQ. 

Join SP 





Now •.' SR is = QR; .'. square on SR is = square on QR. 

.'.the squares on SR, RP are = the squares on QR, RP, 

but the squares on SR, RP are together = the square on SP; 

'.' SRP is a right i ; (i. 35) 

and the squares on QR, RP are = the square on QP; (hyp.) 
.'. the square on SPis ■» the square on..Q/*; 

.\SPis=QP. 
Hence, PR, RS, SP are respectively = PR, RQ, QP. 

.-. the I PRS is = the i PRQ, (i. 5) 

but I PRS is a right z ; 
.'. L PRQ is a, light A . 
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Problem L. 

Describe a parallelogram equal to a given triangle, and 
having an angle equal to a given angle. 




Let FGH be the given a , and 'K the given angle. 

It is required, .to describe a £17 = t^FGH and having 
an angle = K. 



Bisect GH in R\ join FR\ through F draw FST \\ to 
GH\ at ^ in RH make ^ ZT^^ = X. 

Through ^draw ^r [| to RS\ 

then SRHT shall be the O required. 



••• GR is = i?^; .-. A FGR is = a /^^S^; (i. 32) 

.\ aFGHis double of the i^FRH; 

also the O 5^ is double of t^FRH, *.• they -are upon 
the same base andl>etween the same parallels. . (i. 32) 

.-. O &II is = A FGH, and it ha.s coi A 5^^ equal to 
the given angle K. 



6o 
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Problem M. 

To a given straight line apply a parallelogram equal to 
a ^ven parallelogram. 




a ^ 



Let FG be the given straight line, and Z-^the given £7 . 
It is required to apply to J^G a O = Z-^ 

Produce GF, and cut oflf FM= HKy 

and on irilf describe O-Pi^ equal in all respects to LH. 

Through G draw G^^ || to /W meeting PC produced in Q. 

Join ^i^and produce it to meet -PJ/" produced in S, 

Through S draw 5^^ [1 to MG oxPQ meeting CFand 

QG produced in V and R. 

Then FR is aO , and it shall be the one required. 



For FRy PF are the complements about the diagonal 
QS of the COPRy and they are .*. = one another, (i. 34) 

h\itPFis = ZIf; 
.-. FR is = ZZr and it has been described on FG. 

Cor. Ifence to a given straight line may be applied a 
parallelogram equal to a given trwigk and having an angle 
equal to a given angle. 

For a EJ LH may be drawn = the given a and having 
an z = the given l , and the remainder of the construction 
is the same as in the proposition. 



AREAS, 
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Problem N. 
Describe a triangle equal to a given rectilineal Jigure. 




Let PQRSTVhe the given rectilineal figure. 
It is required to describe a a equal to it. 



Join FT: and draw VH \\ to FT, meeting ST produced 
in^ 

Join Fir. 



Then a FTff is - a FVT', (i. 32) 

add to each the figure FQFST; 

.-. figure FQRSH'v& = the figure FQRSTV, 

Similarly we may obtain a figure = RII having one fewer 
sides, and so on ; thus we may obtain a a equal to the 
given figure. 

CoR. Hence a J>arallelogram may be drawn = a given 
rectilineal figure and having an angle « a given angle. 



( 62 ) 

SUPPLEMENT TO BOOK I. 

Theorem {a). 

Of all straight lines which can be drawn to a given straight 
line from a given point without it, that which is nearer to the 
perpendicular is less than the niore remote; also to every straight 
line drawn on one side of the perpendicular there can be drawn 
one and only one straight line equal to it on the other side. 




Let APh^ the perpendicular from A on BC; AQ, AR 
other straight lines on the same side of AP. 



Then •.' AQP is < a right i ; (r. 13) 

.•. z -^^^ is > a right ^ , ' (1.9) 

and I ARQ is < a right i ; (i. 13) 

.-. iARQis<iAQR, 

AQ is < AR. (I. 15) 

Also if the figure APQRB revolve about AP^ 
then PB will fall on PC and Q, R on points. Q, R in 
the line PC, 

and .-. AQ, AR on AQ, AR' \ 
so that to every straight line on one side of AP an equal 
straight line can be drawn on the other side ; 

and •.• no two straight lines on the same side of the per- 
pendicular can be equal ; 

.-. there cannot be drawn from it more than two straight 
lines equal to one another. 



SUPPLEMENT TO BOOK I. 
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Theorem ip). 

If in any a two sides and an i opposite to one of them are 
respectively equal to the corresponding sides and l s in another 
A , then shall these as de equal in certain cases. 





Let ABCj DEF be two a s having 
the sides BA^ AC and l ABC respectively 

=^ED,DFzxiA lDEF\ 
then shall a ABC be = a DEFycl certain cases. 



Let the A ABC be applied to the a DEF so that AB 

may be on JDE and BC along EF. 

Then if a DFE is a right i no other straight line can 

be drawn from D = DF\ (i. 12) 

.\ AC must fall on. Z>F. 

Hence a ABC is = a DEF in all ref^iccts. 

But if L DFE is not a right l , then one other straight 

line DF'y^rA only one, can be drawn = DF\ 

.-. AC must fall on DFor DF'. 

Henc^ if the i s opposite the sides AB, DE are both 
acute or both obtuse, 

then will the^ a s ABC^ DEF he equal in all respects. 
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SUPPLEMENT TO BOOK L 



Definition. 

The locus of a point satisfying a certain geometrical 
condition is the line or lines composed of all possible 
positions of that point. 

Problem (r)» 

Find the locus of a point equidistant from two given points. 

Let -4, B be the two given 
points. 

Bisect AB in P, then P is 
one point in the locus. 

Let Q be any other point 
in the locus. 

Join QA, QB, QP. 



n 



Q, 



Jc 



i^^-^d^h^^.«a» 



— r 



Then •.• AP, PQ, QA are 
respectively =^ ^/; i'G QB; 

.'. lAPQ = iBPQ;{i.s) 

.•• QPis ±AB; 
,\ Q lies on the line bisecting AB at right i s. 

Similarly every other point equidistant from A and B 
may be shewn to lie on the line bisecting AB at right i s; 
i,e. the locus consists of points which lie on this line. 

Moreover, every point in the line bisecting AB at right 
angles is a point of the locus. 

For if any point B be taken in this line, then AP, PP, 
and the z APB are respectively = -5/^, PB, and the z BPB; 

.\ B is equidistant from A and B and ii;*,*. a point of 
the lociis. 

Hence the locus of the point equidistant from A ^md B . 
' ' the straight line bisecting AB at right z s. 
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Deduction {d). 

The lines bisecting the sides of a t^ at right l s meet in a 
points 




Let ABC be ^ A , bisect AC, BC in H, A", 

and draw HF x ^C and KF x BC 

Let these perpendiculars meet in F, 

Then HF is the locus of points equidistant from A and C; 

,\ F\% equidistant from A and C 

Similarly i^is equidistant from B and C', 

,'. Fis equidistant from A and B; 

.*. -Flies on the line bisecting AB at right z s ; 

.•. the line bisecting AB at right ^ s passes through F; 

,\ the lines bisecting at right i s the sides of the a ABC 
meet in the point F. 



C. G. 



5 
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SUPPLEMENT TO BOOK /. 



Problem (e). 
Find the locus of a point equidistant from two straight 
lines which cut one another. 




Let ABy A Che the two given straight lines, 

P a point equidistant from them. 

From P let fall PH, PK perpendiculars on AB^ A C, 

Join AP. 



. Then •.• in a s A HP, AKP, 

HP, PA, and l AHP^xe respectively =^P,/'^, and l AKP, 

and L s HAP, KAP are both acute ; 

.-. LHAPis= lKAP\ 
.'. i'lies on the line bisecting z BAC, 
Similarly it may be shewn that every other point which is 
equidistant from AB, A C, lies on the line bisecting i BA C. 
Also every point in the line bisecting the i BA C is 
equidistant from AB and A C, 

For if any point -^ be taken in this line, then letting 
fall PS,PTa. on AB, A C, we have 

z s I^AS, PSA = I s PAT, RTA, 
and AR is common to the two as ARS, ART; 
.*. RS is = ^2', or R is equidistant from AB andt^Cj 
.'. the locus of the point equidistant from AB, AC, is 
the line bisecting the angle between them. 
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Deduction (/). 
The bisectors of the l s of a t. meet in a point. 




Let ^^C be a A, 

and bisect the l s ABQACB by the straight lines -^ZT, 
CH intersecting in If, 

Then BIT is the locus of points equidistant from A By BC; 
.*. -^is equally distant from AB and BC. 

Similarly it is equally distant from BCaJid CA, 

and is .•. equally distant from AB and AC, 

and .*. lies on the line bisecting the ^ BAC ; 

.\ the lines bisecting the z s of the a ABC meet in the 
point JT. 



5" 
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SUPPLEMENT TO BOOK L 



Problem (^). 

To describe a triangle having two of its sides equal to two 
given straight lines^ and the l contained by- those sides equal to 
a given i . 




yl JB C 




Let A, B be the given straight lines and C the given angle. 
Draw / PQR = l C, 

cut kMQS^A and QT^B\ join ST. 
Then QST is the triangle required. 



SUPPLEMENT TO BOOK I. 
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Problem (h). 

To describe a triangle having two of its angles equal to 
tivo given angles^ and iheir common arm equal to a given 
straight line. 



J3 




Let Ay B be the given angles and C the given straight line. 
Take PQ =C,3itF and Q make z s QFI^, PQR = A and B. 

Then FQP is the required a . 

N.B. This problem is impossible if the two given 
angles are not together less than two right i s. 
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Problem (^). 

To describe a triangle having two of its l s equal to two 
given angles^ and the side opposite to one of them equal to a 
given straight line. 



jZL a / 

li ^1 -P B 




Let PA Q and B be the two given i s, and C the given 
straight linej 

produce FA to F and make l RAS ^ l B, 

Hence l QAS must be = the remaining l of the required a . 

Take XY= C, and make l s YXZ, XYZ= l s QAP, QAS. 

Then XYZ is the required a . 

N.B. This problem is impossible if the two given angles 
are not together less than two right angles. 
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Problem (/). 

To describe a triangle having two of its sides equal to two 
given straight lines, and the l opposite to one of them equal 
to a given i , 




\ 



Let A, B be the given straight lines and C the given l . 

It is required to describe a a having two of its sides 
equal to A, B and the l opposite the latter = C 

Make l SRT= l C, and cut off RS = A, 

and with centre S and radius = B describe a © . 

If this © meet RT'm T, join ST. 

Then the a RST will be one which satisfies the con- 
ditions of the question. 

N.B. When C is either an obtuse lot 2, rt. l the pro- 
blem will admit of one solution if ^ be > -^ ; otherwise the 
problem will be impossible. 

When C is an acute angle and B = the perpendicular 
from S oxi RT^ then only one straight line can be drawn 
from S = By and there will thus be one solution. 

If -5 be < the perpendicular from S on RT, the problem 
is impossible. 

li B be>'the perpendicular from S on RT, then two 
straight lines can be drawn from 5 to RT, each = ^, which 
will be on the same side of SR if ^ be < A, and thus give 
two solutions; otherwise, if -^ be not<-^, only one solution. 
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Theorem (»/). 

If a straight line he divided into two equal parts and also 
two unequal pariSy the squares on the unequal parts shall 
together be = twice the squares on half the line and on the line 
between the points of section. 



Let Aff be divided 
into two equal parts in 
C, and into two unequal 
parts in 2); 

then shall the squares 
on ADy DH be != twice 
the squares on A C, CD, 




u ir 



We shall first describe a square = twice the squares on 

ACy CD. 

Dfew CF ± ana --AC, join AF. 
Then ACFis a right-angled isosceles a , and square on 
AF= twice the square on AC (i- 35) 

Join Fff, draw DK \\ to CF-, KG \\ to AH] join AK. 
Then it may be easily shewn that FCff, KDHy FGK 
are right-angled isosceles a s, and that l AFH is a right l . 
Hence square on FK= twice the square on GKy {\. 35) 

= twice the square on CD\ (i. 26) 
/. squares on AFy FK = twice the squares on AC, CD] 
.*. square on AK— twice the squares on ACy CD, 
Also squares on ADy DH = squares on ADy DKy 

= square on AK; (i. 35) 

and ,'. = twice the squares on ACy CD. 

CoR. Let A If be bisected in C and produced to D : then 
shall the squares on ADy DH= twice the squares on ACy CD. 

This may be established in a similar manner to the 
above or deduced from it, thus : 



V 
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Produce DA and make AX = HD, Then XC = CD. 
.*. squares on XHy HD = twice the squares on XCy CHy 
i.e. squares on ADy HD = twice the squares on DCy CA. 
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Theorem (n). 

The squares on the sides of a triangle are double the 
squares on half the base and on the line joining the vertex 
and the middle point of the base. 




From the vertex ^ of a AKH draw KD x to AH. 

Bisect AH in C, and join CK. 
Then shall the squares on AK^ KH= twice the squares 
on AC, CK. 

For the squares on AD^ DH = twice the squares on 
AC, CD', 

.'. the squares on AD, DH ^siA, twice the square on 
DK = twice the square on AC and twice the squares on 
CD, DK\ 

i.e. the squares on AK, KH= twice the squares on 
AC, CK. 

Similarly, if the perpendicular from K fall on AH pro- 
duced. 




^ (J Jtl u 

Since the squares on AD, DH= twice the squares on 
AC, CD, it follows that the squares on AK, KH^ twice 
the squares on A C, CK. 
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Euclid solves the following two problems, the necessity 
for which has been removed in this treatise by postulate 3. 

The corresponding postulate of Euclid is "Let it be 
granted that a circle may be described from any centre at 
any distance from that centre," which does not allow the 
transfer of distances by means of compasses. 



Problem (/). 

From a given point to draw a straight line equal to a given 
straight line. 

Let C be the given point, 
and AB the given straight 
line. 

Join AC^ 

and upon AC describe 
an equilateral a; 

with centre A and radius 
AB describe a © cutting QA 
produced in R, 

With centre Q and radius QR describe a © cutting QC 
produced in X. 

Then C-Y shall be the line required. 




For QX= QR; '.' Qi^ centre of circle RX; 
QA IS = QC; '.' QAC is an equilateral a ; 
.-. CX=AR; hut AR = AB; 
.-. CX=AB; 
,\ from C a straight line CXhas been drawn = AB. 

Q. E. F. 
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Problem {q\ 

From the greater of two straight lines to cut off a part 
ejual to the less. 




Let AB C£>, be the two given straight lines of which 
CD is the greater. 

It is required to cut off from CD a part = AB, 



From C draw a straight line CX * AB, 

With centre C and radius CX describe a circle cutting 
CD in Z 

Then CZ is the part required. 



For CZ= CX, and CX = AB \. 

.:. CZ=AB, 

.-. from CDdL part CZhas been cut off = AB. 

Q. E. F. 
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Theorem (r). 

Upon the same base and upon the same side of it there 
cannot be two triangles which have their conterminous sides 
equal. 

For if it be possible upon the same base BC and on 
the same side of it let there be two a s ABC, DBC which 
have their conterminous sides equal, viz. AB — DB and 
AC=DC. 

I St. Let the vertex of each a fall without the other a . 




Join AD. 

Then \' AB ^ DB ] 

.-. lBAD= lBDA\ 

but L BAD is > /I CAD\ ,\ l BDA is > l CAD: 

but CDA is > z BDA; 

much more then is i CDA > l CAD] 

but since AC = DC, it follows that l CDA is « z CAD, 
which is impossible. 
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2nd Let the vertex of one of the a s as -4 fall within 
the other a DBC. 




Join AD\ and produce BDy BA to F^ G. 

Then •.• AB'= DB\ 

.'. lFDA = L GAD] 

but L FDA > I CDA; .\ l GAD > l CDA; 

but z C^Z) > ii GADy 

much more then is i CAD > ii CZ>^ ; 

but since AC --DC-, .-. i CAD is == z CZ)^, which 
is impossible. 

3rd. Let the vertex A of one of the a s fall upon one 
of the sides of the other. 




Then it is evident that AC\s<: DC, 

but by hypothesis it is = it, which is impossible. 

Wherefore upon the same base, &c. 

N.R By the aid of this Theorem Prop. (i. v.) may 
easily be established. 
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Euclid's Twelfth Axiom, on which his Theory of Parallels 
depends, is *' If a straight line meet two straight lines, so 
as to make the two interior angles on the same side of it 
taken together less than two right angles, these two straight 
lines being continually produced, shall at length meet on 
that side on which are the angles which are less than two 
right angles." 

Hence Propositions XXI. and XXII. are established as 
follows : 



Proposition XXI. 

If a straight line meets two parallel straight lines it makes 
the alternate angles equal to one another. 

Let the straight line FG meet the two H straight lines 
AB, CD^ then shall l AFG = the alternate l FGD. 
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For, if not, one of them must be the greater. 

Let L AFG be greater than l FGD) 

.-. z s AFG, GFB are together > z s FGD, GFB, 

but I s AFGy GFB are together = two right z s ; 

.-. L s FGI>, GFB are together < two right z s; 

.-. A By CD will meet toward^ By D\ but they do not. 

Hence l AFG ^ l FGD. 
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Proposition XXII. 

Straight lines which are parallel to the same straight Hue 
are parallel to one another. 

Let the straight lines A^ B be each of them li to C, 

then shall A be ii to B, 



Draw OPQR cutting A, B, C in P, Q, R, 




Then the l s OF A, OQB are each = l ORC, 

and .*. = one another. 

.*. A is II to B. 
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Proposition XXV. Cor. 

If two angles of one triangle are equal to two angles of 
anothery and any side of one is equal to the corresponding 
side of the other ^ tJun shall the triangles be equal in all respects. 

The case in which the given sides in each are adjacent 
to the equal angles is established in Prop. III. 

Euclid proves the case in which the given equal sides 
are opposite to equal angles in each thus : 





Let ABC, DBF be two a s having l ABC= l DEF, 
lACB^ I DFE, and side AB = side DE, 

Then ^Cand EF^x^ equal to one another, 

for, if not, one of them must be the greater, 

let this be EFy and ftt)m EFqm\. oK EX = BC; join DX. 

Then '.' AB = JDE, BC = EX, and z ABC = i Z>EX; 

.-. lACB^ lDXE, 

but lACB^ lDFE\ .-. lDXE= lDFE\ 

the exterior l of a a = the interior and opposite angle ; 

which is impossible ; 

.*.BC\^ = EF. 

Also AB = DE and l ABC= i DEF\ 

.'. L ABC is = A DEF in all respects. 
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The celebrated proposition of Pythagoras (i. 35) may 
be established as follows. 
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Let ABC be a right-angled a having the right l ACB. 

On ACf CB describe squares XC^ YC. 

Then ACE, BCD are straight lines equal and x to one 
another. 

Complete the square XY. 

Draw ASy BT ± to AB^ and join ST. 

Then a s AXSy TYB are each= a ACB in all respects; 

•\ AS is = and il to BT, 

Hence BS is a O, and .'. the square on AB, 



Now, square on AB + four a s each equal to a ABC 
= square XY*, 

also squares on AC, C!^ + four a s each equal to a ABC 
= squarely; 

.•. square on AB = squares on AC, CB. 



C. G. 
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RECTANGLES. 



Proposition I. 

If iJiere he two straight lines ^ one of which is divided into 
any number of parts ^ the rectangle contained by the two straight 
lines is equal to the rectangles contained by the undivided line 
and the several parts of the divided line. 




Let A and ^C be two straight lines, 

and let -5C be divided into any parts BP^ FQ, QC, 

Then shall the rectangle A, BC be = rectangle A^ BP 
+ rectangle Ay PQ + rectangle A, QC, 



From B draw BG x to BC and = A. 

From G draw GL \\ to BC, 

and from P, Q, C draw PH, QKy CL \\ to BG, 
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Then BL, BH, PK, QL are O s ; 

also L s QFHy CQK are each = z CBG which is a 
right z ; (i- 21) 

.*. BL^ BH^ FK, QL are rectangles. (i. 27) 

Now the figure BL is = the figures Bff, FK, QL together ; 
that is, rectangle BG, BCis = rectangle BG, BF 

+ rectangle FH, FQ + rectangle QK, QC. 

.'.rectangle A, BC is = rectangle A, BF 

+ rectangle A, FQ + rectangle Ay QC. 

Cor. I. liA he = BC, 

then the rectangle (A, BC) is = the square on BC 

.'. square on BC is = rectangle BC, BF + rectangle 
BC,FQ^ rectangle BC, QC 

Hence, if a straight line be divided into any number of 
parts, the square on the whole line is equal to the sum of 
the rectangles contained by the whole line and the several 
parts. 

Cor. 2. If -^ be = one of the parts of the divided 
line, as BF, 

then the rectangle A, BF is = the square on BF, 

,\ rectangle BF, BC = square on BF + rectangle BF, 
FQ + rectangle BF, QC, 

Hence, if a straight line be divided into any number of 
parts, the rectangle contained by the whole line and one of 
the parts is equal to the square on that part together with 
the rectangles contained by that part and the other parts. 
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Proposition II. 

If A 4LHd B be hvo straight lines and S their sum, the 
square on.S is > the squares on A and B by tivice the rect- 
angle A, B. Also, if A and B be unequal and D be their 
difference, the rectangle S, D is = />^ difference between the 
squares on A, B; and tlu square on D is < th^ squares on 
A and B by twice the rectangle A, B, 

A - ^ -^- 

B D ~ 

Since 5 is = -4 together with B ; 
.-. rectangle^, A = square on A + rectangle A, B, (ii. i) 

rectangle ^S", B = rectangle A, B + square on B, (ii. i ) 
and square on S = rectangle S, A + rectangle S, B, (ii. i ) 

.-. square on S = squares onA, B + twice rectangle A, B. 



Again, since £> + B = A; 

/. rectangle S,I> + rectangle S, B = rectangle S, A, (ii. i) 

.-. rectangle S, £> + rectangle A, B + square on B 

= square on A -\- rectangle A, B ; 

.'. rectangle S, D -^ square on -^ = square on A, 
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Also since J? + B = A; 

.*. square on 2? -f rectangle Z>, B = rectangle £>, A ; (11. i) 

But rectangle Z>, A + rectangle A, B = square on A, (11. i) 

and rectangle !>, B + square on B = rectangle A, B^ (11. i) 

.-. square on D + rectangle Dy B •{■ rectangle A, B 

= rectangle Z>, A -\- rectangle Ay B, 
.*. = square on A; 
.\ sq. onZ>+rect. £>, B+sq, on-5 + rect. Ay B=sqq. on A, B; 
.'. square on Z> + twice rectangle A, B = squares on A, B, 



Cor. It follows from the proposition that 
squares on .S", Z> + twice rectangle A, B 

= twice squares on A, B + twice rectangle A^ B; 
.*. squares on .S", Z> = twice squares on A, B. 

Also that 
square on *$"= squares on A, B + twice rectangle Ay B, 
and .*. = square on Z> + four times rectangle A, B. 



N.B. By the method here adopted all propositions 
which are the Geometrical interpretations of Algebraical 
identities of the second degree may be established. 
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Definitions. 

An obtnse angle is one greater than a right angle. 

An acnte angle is one less than a right angle. 

An obtnse-angled triangle is one having an obtuse 
angle. 

An acnte-angled triangle is one having three acute 
angles. 

Proposition III. 
In obtuse-angled triangles^ the square on the side opposite 
the obtuse angle is greater than the squares on the sides contain- 
ing it by twice the rectangle contained by either of those sides 
and the part of it intercepted between the perpendicular let fall 
upon it from the opposite angle and the obtuse angle. 




Let ABC be an obtuse-angled a, having the obtuse 
lACB, 

and from B let fall BK i. to AC produced. 

Then shall the square on AB be > the squares on A C, 
CB by twice the rectangle A C, CK. 



For AK is = the sum of -^ C and CAT; 
.'. square on -4 AT is = squares on AC, CK 

+ twice rectangle -4 C, CK\ (11.2) 
.'. squares on AK^ KB are = squares on AC^ CK, KB 

+ twice rectangle ACy CK] 
but squares on AK, KB are = square on AB, 
and squares on CK^ KB are = square on CB ; 
.-. square on AB is = squares on AC, CB 

4- twice rectangle AC, CI'. 
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Proposition IV. 

In any triangle the square on the side opposite to any one 
of the acute angles is less than the squares on the sides contain- 
ing it by twice the rectangle contained by either of those sides 
and the part of it intercepted between the perpendicular let fall 
upon it from the opposite angle and the acute angle. 






Let ABC be a A having the acute l ACB, 

and from B let fall BK ± CA or CA produced. 

Then shall the square on AB be < the squares on A C, 
CB by twice the rectangle A C, CK, 



For should the ± fall within or without the aABC^ in 
either case AK is = the difference between A C and CK, 

,\ square on AK + twice rectangle AC, CKis = squares 
on AC, CK (11. 2) 

.-. squares on AK, KB + twice rectangle AC, CK = 
squares on AC, CK, KB. 

.-. square on AB + twice rectangle AC, CK= squares 
on A C, CB. 

Should the i BAC be a right z , and .*. BK coincide 
with BA, 

then square on AB + twice square on AC = squares on 
AC,CB. (1.35) 
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RECTANGLES. 

Problem A. 
Describe a square equal to a given rectilineal figure. 





Let A be the given rectilineal figure. 

First describe the rectangle FH = A ; 

then if the sides are equal FH\% a square, 

and what was required is done. 

But, if not, produce FG and cut off GM= GH, 

Bisect /y^ in/; 

and with centre jP and radius jPJlf describe © FQM. 

Produce HG to meet the © in Q, 

The square on GQ shall be = A, 



JoinFQ, 



Then '.• FG is = the sum and GM= the difference of 
FMsLndFG; 

.*, rectangle FG, GM is = the difference of the squares 
onFMsLTidFG, (ii. 2) 

and is .'. = the difference of the squares on FQ and FG, 

and is .*. = the square on GQ, (i. 35) 

but FH is = rectangle FG, GM, for GJI= GM, 

and FIfwas made = A ; 

.'. square on GQ = A, 



RECTANGLES, 



89 



Problem B. 

To divide a straight line into two parts so thai the rect- 
angle contained by the whole and one of the parts may be equal 
to the square on the other part. 

Let PQ be the given straight line. 

On PQ describe the square PR, 

Bisect PS in K and join QK, 

Produce SP and cut off KG = KQ, 

On PG describe a square GPCF, 
one side of which PC will fall on PQ, 

Then shall PQ be divided in C, so that 
rectangle PQ, QC^ square on PC, 




Produce FC to H. 



Now •.• SG is = the sum and GP = the difference of 
KG and KP, 

,'. rectangle SG^ GP is = the difference of the squares 
on KG and KPy (11. 2) 

and is .'. = the difference of the squares on KQ and KP, 

and is /. = the square on PQ; (i. 35) 

but figure GH= rectangle SG, GP; for GF= GPy 

and figure PR is the square on PQ\ 

,', figure GIf= figure PR. 

Take away the common part, the figure PJ!, 

.'. the remainder GC= the remainder CR, 

but GC is the square on PC and CR is = rectangle PQ, QC, 
for QR is = PQ; 

,\ rectangle PQ, QC^ square on PC. 
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Problem C. 

To describe an isosceles triangle having each of the angles 
at the base double of the angle at the vertex. 

Take any straight line AB and 
divide it in (7, 

so that rectangle ABy BC may 
be = square on A C. 

On BC describe an isosceles 
A BCQ having 

its sides CQ, BQ each = AC. 

Join AQ, then ABQ shall be 
the A required. 




From Q let fall QPi. to ^C, and /. bisecting BC 

Then squares on AB, BQ are together > square on AQhy 

twice rectangle AB, BP, (ii. 4) 

But rect. AB, BC = rect. AB, BP + rect. AB, PC and 
.'. = twice the rect. AB, BP\ (11. i) 

. '. square on AC = twice rectangle AB, BP; 

,\ squares on AB, BQ are together ■= squares on AQ, AC, 

but square on BQ=^ square on ^C; 

. •. square on AB = square on ^^ ; 

.-. AB = AQ; 

.-. iAQB= A ABQ, 

and lABQ= lBCQ, 

and is .•. = z s CQA, CAQ; 

and is .*. double of i CAQ. 

Thus each of the angles at the base BQ of a ABQ is 
double of tjie angle at the vertex A. 



SUPPLEMENT TO BOOK 11. 

The Theorems in Proposition II. may be established 
independently as follows : — 

Theorem (a). 

If a straight line be divided into any two parts ^ the square 
on the whole line is' equal to the squares on the parts together 
with twice the rectangle contained by tlie parts. 
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Let the straight line PQ be divided into any two parts 
in C, then shall square on JPQ be = the squares on 
fC, CQ + twice the rectangle JPQ CQ, 

Draw JPJ^ J. to PQ and = it ; 

cut off FH = FC so that IfF= CQ: 

draw ffM, FS \\ to FQ ; and CF, QS \\ to FF. 

Then FFSQ is a square, (i. 28) 

and it is = the figures FJC, KS, CM, HF, 

Now FK'\% the square on FC, (i. 28) 

KS is = square on CQ, for XMis = CQ; (i. 28) 
CM is = rectangle FC, CQ, for CX is = FC, 
and HF is = rectangle FC, CQ, for IfJi: is = FC, and HF 

is=C(2; 

*•. square on FQ is = squares on FC, CQ + twice rectangle 

FC, CQ. 
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Theorem {b). 

Jf a straight line be divided into any two parts ^ the square 
on one part is less than the squares on the w/wle and on the 
other part by twice the rectangle contained by the whole and 
that other part. 

Let the straight line AB be divided into 
any two parts in C, ^ 

Then shall the square on AC hQ<, the 
squares on AB and BC hy twice the rect- g| 
angle AB, BC. 




Draw AGS 1.10 AB, and QCH, RBT \\ to AGS\ 
c\xtof[ AG = AC, AS = AB, SindBJ^^BC: 
draw GlfJ^, *STand J^Q || to AB. 



Then A If, ATsiud BQ are squares^ 

and we have to shew that 

Alf is <:AT and BQ together by twice rectangle AB, BC, 

i.e. that the figure GTQ is = twice rectangle AB, BC. 

Now figure GT= rectangle AB, BC, 

for GF= AB and GS = BC; (i. 26) 

also figure QjF= rectangle AB, BC, 

for J^J^= AB and QR = BC', 

.•. figure GTQ = tmce rectangle AB, BC; 

.\ square on -^C is < squares on AB, BC by twice 
rectangle AB, BC. 
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Theorem {c). 
The difference between the squares on any two straight lines 
is equal to the rectangle contained by two straight lines^ one of 
which is equal to the sum, and the other equal to the difference 
of the given lines. 

Let RQ^^ RS be equal to. the 
given straight lines. 

Then SQ is = the difference 
between them. 

Produce QR and make RP= QR, 
then PS is = the sum of the given lines. 
The difference l)etween the squares on RQ, RS shall 
be = rectangle {PS, SQ). 

On RQ describe a square, draw PIl± to PQ and = SQ; 
draw SP \\ to RG and ZTATiV ii to PQ. 

Then Ji^P is = square on RS, for ICJVis = RS; 
.'. difference between the squares on RQ, RS is = figure 
JiTQP 

We have now to shew that figure ^^^7^= rectangle 
i^S, SQ). 

The rectangle C^= rectangle PJC, for QS, QC are 
respectively = PIf, PR ; 

.*. figure KQF= figure PN, which is = rectangle PS, SQ, 
for PJI== SQ ; 

.*. the difference between the squares onRQ,RS = Tect 
angle (PS, SQ), 



COR. /» H S Q P R Q S 

If PQ be bisected in R, and any point 5 be taken in 
PQ or PQ produced, 

then rectangle /IS", 5^== difference between the squares 
on RQ, RS, 
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Theorem (//). 

The square on the sum of two siraigJii lines is greater than 
the square on their difference by four times the rectangle con- 
tained by them. 

Let the two straight lines AB^ BC 
be placed in the same straight line : 

Then shall the square on -^C be 
greater than the square on AD by four 
times the rectangle {AB^ BC), 




On AC, AD describe squares, produce QR, DR\ 
.cut off QS = BC, draw SW \\\.o AC and BG \\ to AH, 



The square on -4 C is greater than the square on AD by 
figure DKQ. 

" Hence we have to prove that figure DKQ = four times 
the rectangle (AB, BC), 

Now the rectangles SF, SjR, DX, CX are equal to one 
another, 

also the squares J^T; TK^RT, TYsltq equal to one another; 

.-. figure DICQ = four times the figures SF, FT together; 

i.e. four times rectangle (HG, US), 

and .*. = four times rectangle {AB, BC), 

.-. square on -4 C is greater than square on AD by four 
times rectangle {AB, BC). 



BOOK III. THE CIRCLE. 

CHORDS. 

Definition. 

The straight line joining any two points in the circum- 
ference of a circle is called a chord of the circle. 

Proposition I. 

The straight line joining any two points in the circum- 
ference of a circle lies entirely within the circle. 

Let A^ B be any two points in 
the Oce of the © ARB^ whose 
centre is C. 

Then shall the straight line join- 
ing A^ B fall within the © . 




For, if not, if possible, let it fall 
without the © as AQB, 

Join- C with A and B -^ ^ U 

and draw a straight line CRQ cutting the circle in R, 
and the straight line AB in Q. 



Then •.• CA=CB; .-. z CAB = z CBA ; (i. 2) 
but z CQB is > z CAB; (i. 13) 

.-. z CQB is > L CBA; 

.-. C^is> CQ; (lis) 

but CB- CR; .*. CR is > CQ, which is impossible. 
.-. the straight line joining A^ B does not fall without the© . 
Similarly it may be shewn that it does not fall on the Oce; 

.'. it falls within the ©. 

Cor, a straight line cannot cut a circle in more than tivo 
points. 

For if it cut the © in more than two points, then the 
part of the straight line between the extreme points of 
section would not be entirely within the circle. 
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CHORDS. 

Proposition II. 



The straight line drawn through the middle point of a 
chord of a circle and the centre is perpendicular to the chord. 




Let AB be a chord of a © of which C is the centre. 
Then the straight line CH through C and the middle 
point H oiAB shall be ± to AB, 

Join CA, CB. 



Then ••• A Hi HC, CA are respectively ==.5^, HCy CB] 

.-. LAJfC= lBHC\ (1.5) 

.\ C^is X AB. 



Conversely, The straight line drawn through the centre 
of a circle 1. to a chord bisects the chord. 

For through the centre only one straight line can be 
drawn ± to the chord; and that through the middle point of 
the chord is ± to it. 

Also, The straight line drawn through the middle point 
of a chord of a circle jl to the chord passes through the centre. 

For through the middle point of the chord only one 
straight line can be drawn x to it; and that through the 
centre is x to it. 

CoR. The middle point of a chord bisecting another at 
right angles is the centre. 
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Proposition III. 

If from a point within a circle there be drawn to the 
circumference more than two equal straight lineSy that point is 
the centre of the circle. 




Let aS be a point within the ®FQRy 

from which are drawn to the circumference the equal 
straight lines SP, SQ, SJ^. 

S shall be the centre of the circle. 



Join PQ, QJ^; bisect JPQ in ^and QJ^ in A". 

Draw a straight line through If, S, 

also a straight line through jK^, S. 



Then •.• PB, US, SPdiXt respectively = QH, US, SQ; 

.-. iSHF^^ iSHQi (i.s) 

r.SHis JL toPQ. 
.'.the centre of the © is in the straight line US. (iii. 2) 
Similarly it is in the straight line JS^S; 

.•. 5 is the centre of the © PQJi. 



C. G. 
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Definition. 

Straiglit lines are said to be equally distant from a 

given point when the perpendiculars let fall upon* them 
from the given point are equal; also one straight line is said 
to be farther than another from a given point when the 
perpendicular from the given point on the former is greater 
than that on the latter. 

Proposition IV. 
Equal chords of a circle are equally distant from the centre. 



Let AB, CD be equal chords of the (?) ABC, 
Then shall ABj CD be equally distant from the centre Q, 



Draw QR x to AB and .*. bisecting AB^ (iii. 2) 
and QS X to CD and .'. bisecting CD, (iii. 2) 
Join^G CQ. 



Then'.' AB= CD; .\AR=CS', 

also '.* AQ= CQ; .*. square on ^C = square on CQ; 

,\ squares on AR, RQ^ squares on CS, SQj 0-35) 

but square on AR * square on CS; 

.'. square on RQ = square on SQ; 

.'.RQ^SQ; 

. '. AB, CD are equally distant from the centre of © ABC 
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Conversely: 

Chords in a circle which are equally distant from the 
centre are equal to one another. 

•Let the chords ABy CD of the (s)ABC be equally dis- 
tant from the centre Q ; 

that is, let the perpendiculars QjR, QS drawn to them 
from Q be equal. 

Then shall AB, CD be equal to one another. 



Join QA, QC 



Then '.• QR^ QSqiq x to AB, CD respectively; 

•'. AB^ CD are bisected in R, S. (in. 2) 

Also •.• QA = QC, .'. square on QA = square on QC; 

. • . squares on QR, RA are together = squares on QS, SC, (1.35; 

but square on QR = square on QS; '.' QR = QS; 

.'. square on .^.^ = square on SC; 

,\RA = SC; 

,\ AB^CD. 
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lOO CHORDS. 

Definition. 
A chord of a circle which passes through the centre is 

called a diameter. 

Proposition V. 

The diameter is the greatest chord of a circle^ and of all 
others that nearer to the centre is greater than the more remote. 



Let A CB be a diameter of the © A GB, 
HKy FG chords of which HK is nearer to the centre C 
xSxdxaFG, 

Then shall AB be > HK and HK> FG. 



Draw CX i to HK, and .'. bisecting HK. (in. 2) 
Also Cy X to FG, and .'. bisecting FG. 
Join CH, CK, CF. 



Then HC, CKaie together > HK; (i. 16) 

.'. ACf CB are together > HK; 

i.e. ACB is :>HK. 

Again, '.• CH= CF; .\ square on CH- square on CF; 

. •. squares on CAT, XHaie together = squares on CY, YF; (i. 35) 

but CAT is < CY, and .'. square on CXis < square on CY; 

,•• square on XHi& > square on YF^ 

and .-. ^^is > YF; 

.'. HK is >FG. 
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Conversely: 

Of any number of chords in a circle the greaier is nearer 
to the centre than the less. 

In the circle AGB let the chord ZTA'be > FG. 
Then shall HK be nearer to the centre C than FG- 



The same construction being made, 

•.• CH ^ CFy .'. squaxe on CH- square on CF\ 

.'. squares on CX, -ATZTaretogether^squaresonCy, YF\ (i. 35) 

but since ZT^is > FG\ .'. Xlfis > YF; 

.'. square on Xlfis > square on YF; 
W square on CX is < square ou CY; 

.-. CAT is < CY; 
.'. HKis nearer to the centre C than FG. 
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Definition. 
An arc of a circle is a part of the circumference. 

Problem A. 

An arc of a circle being given^ to find the centre of the 
circle of which it is an arc. 




Take any three points P^ Qy R in the given arc. 

Join FQ, QR : 

bisect FQ. in H and QRvaK. 

Through H^ K draw straight lines J. to PQj QR re- 
spectively. 

Then the centre of the © must lie in each of these 
straight lines; (in. 2) 

and must therefore be their point of intersection. 



TANGENTS. 



Proposition VL 
The straight line drawn through any point in the circum- 
ference of a circle perpendicular to the radius at that point 
falls without the circle: also through that point no other 
straigJit line can be drawn which does not cut the circle. 




Let A be any point in the circumference of the © AB. 

Join A with the centre C; 
and through A draw ST i. to CA, 
Then ^ST" shall fall without the ©. 



For, if possible, let 57" cut the circle in B, 

Join BC. 

Then •/ CB ^ CA; 

.'. L CBA^ L CAB; (1.2) 

but I CAB is a right i; ,\ i CBA is a right l ; 

/. two of the z s of a A are right / s, which is impossible; (i. 13 ) 

.*. SAT^ot% not cut the © . 

Similarly it may be shewn that it has no other point be- 
sides A in common with the circumference. 
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TANGENTS, 



Moreover, besides SAT no other straight line can be 
drawn through -^ so as not to cut the circle. 




For, if possible, let YAX be so drawn : 
let fall CH X on YAX cutting the © in Q. 



Then •.* l CHA is a right l ; 

.-. CA is > CH', 

but CA = CQ ; 

.-. CQ^ is > CHy which is impossible. 

.-.no straight line besides SAT can be drawn through 
A so as not to cut the © . 



Definition. 

A straight lino which meets a circle and which, if 
produced, will not cut it, is said to toucll the circle. 



TANGENTS. 



lOS 



Conversely : 

If a straight line touch a circle the radius through the 
point of contact is perpendicular to the tangent. 




For through the point of contact only one straight line 
can be drawn touching the circle, and that straight line is 
X to the radius. 



Also, If a straight line touch a circle the perpendicular to 
the tangent drawn from the point of contact shall pass through 
the centre. 

For from the point of contact only one straight line can 
be drawn ± to the tangent, and that through the centre is 
± to it. 
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Problem B. 
Draw a tangent to a circle from a given pointy 




If the given point is on the circumference, 

then the straight line drawn x to the radius through 
that point will be a tangent. 

If the given point is without the circle, 

join H the given point with C the centre of the given 
circle : 

bisect CHm Q. 

With Q as centre and radius ^C or Qlf describe a 
circle cutting the given circle in T. 

]oinJIT; 

then -^7" shall touch the given circle. 



•.• CQ = QT, .'. I QCT^ I QTC) (i. 2) 

so also I QHT^ l QTH\ 
.'. IS QCT, QHTzxe together - the whole l CTH\ 

which is .*. a right i . (i. 24) 

. • . HT touches the circle ^^STI ( 1 1 1. 6) 
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Problem C. 

Between two points in the circumference of a circle find the 
shortest path which does not cut the circle. 

Let Ay B be two points in the circumference of a © , 

Then the arc AB which is the smaller of the two seg- 
ments into which A, B divides the circumference shall be 
the shortest path between A and B which does not cut 
the ©. 

For, if not, if possible, let there be a path, between 
A and i?, passing through a point P outside the © which 
is as short as or shorter than any other : 

and let Q, R be the points where the path through P, 
on opposite sides of it, meets the Oce. 




Draw a tangent to the © at some point S in the circum- 
ference between Q and R cutting the path in 7^ and V. 

Then TV\% < the portion of the path TPV\ 

.•.a shorter path than that through P has been found; 
which is impossible, according to the hypothesis. 

Hence it follows that the arc AB is the shortest path 
between A and B which does not cut the circle. 
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Proposition VIL 
Circles which meet one another cannot have the same centre^ 





For, if possible, let the circles AP^ AQ meeting in A 
have a common centre C*. 

Join ACy and draw any straight line CFQ cutting both 
circles. 



Then •.' C is the centre of ®AF; ,\ CA = CF; 

and •.' Cis the centre of ®AQ; .'. CA = CQ; 

.*. CF=- CQ, which is impossible. 

Therefore, Circles which meet, &c. 
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Proposition VIII. 
Oru circle cannot meet another in more points than two. 




For, if possible, let the ©s ABP^ ABQ meet one 
another in Aj By C, 

Find O the centre of the (S)ABF: join OA^ OB, OC. 



Then OAy OB, OCzxt = one another. 

And •.• from O three equal straight lines OA, OB, OC 
are drawn to the circumference of (S) ABQ, 

.'. O is the centre of qABQ, (hi. 3) 

.-. (7 is the centre of two circles which cut one another, 

but this is impossible. (iii. 7) 

.'. One circle, &c. 

Definition. 

Two drdes are said to toucll one another when they 
are in contact, and one is entirely within or entirely without 
the other. 



I lO CONTACT OF CIRCLES. 

Proposition IX, 
One circle cannot touch another 
in more points than one. 

First, if possible, let one © 
ATBD touch another (bAWBF 
internally in the points Ay B. A 

Join AB\ then the centres 
/, E of the interior and exterior 
circles respectively are in the straight line bisecting AB at 
right L s. (hi. 2) 

Produce EI\.o meet the circles in Tand W. 

Join EBy IB. 

Then EI, IB are together > EB ; (i. 1 6) 

.'.Ely IT&TQ together >EfV; 
which is impossible. 





Next, if possible, let one qABD touch another (bABF 
externally in the points A, B. 

Then the straight line joining A, B must be within each 
of the circles ; (iii. i) 

which is impossible, since each falls entirely without the 
other. 

Hence, one circle cannot touch another in more points 
than one. q.e.d. 



CONTACT OF CIRCLES. 



Ill 



Proposition X. 

The straight line joining the centres of two intersecting 
circles bisects their common chord at right angles, * 




Let FG be the common chord of the intersecting circles 
PFG, QFG. 

The straight line joining their centres shall bisect FG at 
right I s. 



Bisect FG in H, and draw FHQ x to FG. 



Then •.• the chord FG of (S>PFG is bisected at right l s 
byi'C; 

/. centre of Q)FFG is in FQ ; (iii. 2) 

so also in like manner is the centre of © QFG ; 

.'. the straight line joining the centres of the 0s FFG, 
QFG bisects FG at right z s. 
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Proposition XI. 

If one circle touch another internally the straight line join- 
ing their centres shall pass through the point of contact. 




Let the © CG whose centre is i?, touch the © CR^ 
whose centre is A^ internally at C 

Then shall AB produced pass through C. 



For, if not, if possible, let it fall otherwise, as ABQR. 

Then AB, BC are together > ^ C, (i. 1 6) 

but BC ^BQ SiudAC=^ AjR. 
,\ AB, BQ are together > AjR, which is impossible. 
.'. AB produced must pass through C. 



CONTACT OF CIRCLES. 
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Proposition XIL 

If two circles touch externally the straight line joining 
their centres shall pass through the point of contact. 




Let H^ K\i^ the centres of two circles AB^ A C touch- 
ing externally in A, 

Then shall the straight line joining HK pass through A, 



For, if not, if possible, let it fall otherwise, as HBCK, 

Join HA, KA. 



Then HA, AK are together > HK, 

but HA = HB and AK = CK) 

♦ 

.-. HB, CKaxe together > HX, which is impossible. 

.-. If two circles, &c 



(1. 16) 



C.G. 
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ANGLES IN CIRCLES. 



Definitions. 

A segmont of a circle is the figure contained by a 
straight line and the part of the circumference which it 
cuts off. 

An angle is said to stand upon the circumference inter- 
cepted between its arms. 

Proposition XIII. 

The angle at the centre of a circle is double of the angle 
at the circumference upon the same arc* 




Let AB be an arc of a © of which C is the centre, 

ACB an angle upon AB at the centre, 

APB an angle upon AB at the Oce. 

Then shall z ^ C^ be double of l APB. 



1st. Let the centre C be situated in one of the arms 
AP of the L APB. 

Then •.• CP = CB; .-. i CPB « z CBP; (l 2) 

but iACB= z s CPB, CBP] (i. 24) 

.-. z .^C^ is double of z CPB\ i.e. z APB. 



ANGLES IN CIRCLES. 
2ndly. Let C lie within the l AFB. 
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Join PC, and produce it to meet the Oce in X, 

Then lACXis double of i AFX, 

and iBCX'vs double of l BPX\ 

.-. the whole lACB\% double of i AFB. 



3rdly. Let C lie without th« z AFB. 




Join /'C, and produce it to meet the Oce in K 

Then iBCYh double of i BFY, 

and z ACYis double of z -^/^K; 

.\ remaining z ^C9 is double of z ^/!^. 



8-«2 
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ANGLES JN CIRCLES. 



Definition. 
An angle in a segment is the angle contained by two 
straight lines drawn from any point in the circumference of 
the segment to the extremities^ of the straight line which 
is the base of the segment. 

Eroposition XIV. 

The angles in the same segment of a circle are equal to 
one another. 

Let APB, AQB be anglesr 
in the same segment APQB. 

The L APB shall be = z 
AQB. 



ist Let the segment be 
greater than a semicircle. 

Join A and B with the 
centre of the © . 




Then l ACBis double each of the z s APB, AQB; (iii. 13) 
.-. IS APB, AQB are equal to one another. 



Next, Let the segment not be 
greater than a semicircle. 

Draw PIT through the centre 
of the © : 

and join Qlf. 

Then segment APQBH is > 

a semicircle ; 

,-. L APH-- L AQH^ 

Similarly, l BPH= l BQH] 

.-. whole I APB - whole i AQB. 




ANGLES IN CIRCLES, 1 1 7 

Proposition XV, 

The opposite angles of any quadrilateral figure inscribed 
in a circle are together equal to two right angles. 




Let ABFG be a quadrilateral figure inscribed in the 
circle ABF. 

Then shall the z s ABF, AGF be together equal to 
two right L s. 

So also shall the z s BAG, BFG. 



Join AF, BG, 



Then the i AGF is = the z sAGB, FGBr, 
but iAGB= lAFB, 
\' they are in the same segment AGFB : (in. 14) 

and I FGB = z FAB, 
•.* they are in the same segment FGAB ; (iii. 14) 
.-. iAGF=the LsAFByFAB. 
.-. z ^G^i?' together with the z ABF is = the z s AFB, 
FAB, ABF the three z s of aAFB, 

and .•. = two right angles. (i. 24) 



Similarly it may be proved that 

the z s BAGy BFG are together = two right angles. 




1 1 S ANGLES IN CIRCLES, 

Proposition XVI. 

In a circle^ the angle in a semicircle is a right angle; but 
the angle in a segment greater than a semicircle is less than 
a right angle; and the angle in a segment less than a semi- 
circle is greater than a right angle. 

Let APB be a © of which C 
is the centre, 

ACB a diameter, and AP b, 
chord dividing the © APB into 
the segments ABP, AQP. 

Then shall the i in the semi- 
circle APB be a right z ; 

the I in the segment ABP 
greater than a semicircle < a right i ; 

and the i in the segment AQP less than a semicircle 
> a right i . 

Join A and P with any point Q in the arc AQP; 

also join BP, CP. 

Then •/ A'C= CP; .-. z APC= l PAC\ (i. 2) 
and •.' BC= CP\ .-. z BPC^ z PBC; (i. 2) 
.-.the whole z APB = the z s PAC, PBC together ; 
but the three z s of a APB are together = two right z s; (i. 24) 
.'. z APB in the semicircle is a right z . 

Again, '.'the z s-^/*^,-4^-Pare together < two rt. z s, (i. 13) 

and z -^/*^ is a right z ; 
.•. lABP in the segment -4^/* greater than a semi- 
circle is < a right z . 

Also, •.' ABPQ is a quadrilateral figure in a circle, 

.•. z s -<4-5-P, -4 C-P are together = two right z s, (in.15) 

but z ABP is < a right z ; 
.•.the z -4Q/* in the segment AQP less than a semi- 
circle is > a right 4 , 
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Proposition XVII. 

If a straight line touches a circle^ and from the point of 
contact a straight line be drawn cutting the circle; the angles 
which this straight line makes with the tangent shall he equal 
to the angles in the alternate segments of the circle. 

Let ST touch the 
QPF'm the point A : ^ 

and from A let AF be 
drawn cutting the© : 

Then shall the l 
FAT= lAQF in the 
alternate segment^ QF 

Also the I FAS 
shall be = z in the ^ 
segment FRA, 




Through A draw the diameter AZ>; ]oinZ>F 



Then l AFD is a right angle; (in. 16) 

.'. L% FDA^ FAD are together = a right l \ 

and .-. = -L DAT\ (in. 2) 
i. e. ^ L%FATy FAD together. 



Take away the common t FAD. 

.'. I FDA = I FAT; 

biit lAQF= jlFDA; 

.-. lFAT^ lAQF 



Again, since zs FFA^ AQF axQ together 
angles ; 

.-. they are = is FAS, FAT; 

but lAQF^ I FAT; 

.'. L FRA = L FAS. 



(ill. 14) 



two right 

(in- x5) 
(1.8) 
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J^KMMA. 

Circles, whose radii are equal, are equal in all respects ; 
for, if one circle be applied to the other so that their centres 
coincide, then will their circumferences coiocide also. 

Proposition XVIII. 
In equal circles equal angles stand upon equal arcs. 




N' 

Let AFM, BHN be equal circles ; and let the l s 
FPGy HQK at their centres be equal to one another. 
The arc FMG shall be equal to the arc HNK. 



For let the ®AFMhe applied to the ®BJIJV, 

so that P may fall on Q and PFon QH\ 

then will PG fall on QK, •.• z FPG = l HQK-, 

and the Oce AFM\r^ fall on the Oce BHN; (Lemma) 

.'. the arc FMG must coincide with arc HNKy 

and is .*. = it. 

Cor. I. The chord FG will coincide with the chord HK. 
Also the tangents 2X F, G will coincide with the tan- 
gents 3X Hy K, 

Cor. 2. In equal circles equal chords cut off equal arcs. 
For FG being = HK, and also PF=- QHdhA PG = QK, 
it follows that l FPG = z JIQK\ (i. 5) 

.-. arc FMG = arc HNK. 
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Conversely : 

In equal circles equal arcs are subtended by equal angles. 

In the equal circles AFM^ BHN let the arcs FMG^ 
HNK be equal. 

Then shall the l s FPG^ HQ.^^ which these arcs sub- 
tend at the centres, be equal. 



For let the ®AFMhe applied to the <^BHN, 

so that the Centre P may be on Q and PFon QKy 

and .*. the Oce AFM on the Oce BHN. 

Then G .will coincide with K^ \' arc FMG is = arc HNK, 

,'. PG will coincide with QK.\ 
.'. iFPGis^ iHQK. 

Cor. In equal circles equcU^arcs are subtended by equcU 
chords. 

For since i^and G coincide with ZTand K-, 

.'. the chord FG will coincide with the chord HK, 

and is .'. = it. 
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Problem D. 

Oh a given straight line describe a segment of a circle 
which shall contain an angle equal to a given rectilineal angle. 




Ql 

Let ABhe the given straight line and Q the given z . 

It is required to describe upon AB a segment of. a 
circle which shall contain an i = Q» 



If the z ^ ii a right z ^. 

Bisect AB in Q and witb C as^ a centre at the distance 
CA describe a © , 

Then segment on. AB will, be a semicircle, 

aad will /. contain an. z = g, a right z . (iii. i6) 



ANGLES IN CIRCLES. 
But if the L Q\^ not a right l : 
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Then at the point A in AB make l BAT- l Q, 

Through A draw AD ± to AT-, 

bisect AB in X; 

through X draw -X'C ± to AB cutting AD in C ; 

with centre Cat the distance CA describe a ©. 

Join CB. 

Then •.• AX, XC, and i AXC are respectively =^BXy 
XC, and z BXC^ 

,'. AC^ BC (i. i); .*. the © passes through B : 

and the segment AZB (which is alternate to l BAT) 
shall be the one required. 



••• ^T'is J. to ACDy .'. ^7* touches the ©j (in. 6) 
.-. lBAT= l in segment -<4ZiS ; (iii. 17) 

/. z Q = id in segment AZB ; 
.'.. AZB is the segment required. 
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Problem E. 

From a given circle cut off a segment which shall contain 
an angle equal to a giv^n rectilineal angle. 



a 




Let ABZhQ the given © and Q.the given l 



Draw any tangent AT to Ae © , 

and at A in ^7* make i TAB = i Q. 

Then shall AZB be the segment required. 



JFor M in segment AZB = z BAT, (in. 17) 
_and .'. = I Q* 



ON THE SUBDIVISION 
OF THE. CIRCUMFERENCE OF A CIRCLE. 

Problem F. 
To biuct a given arc of a cirde. 




Let AXB be the given arc of a circle, 
it is required to bisect it. 



Join AB and bisect it in ^: 

through ^draw ffX ± to AB, 

cutting the Qce in X. 

The arc AXB shall be bisected in X. 



Join AX, XB, 



•.•in i^^AHXyBHX, 

Aff=^ HB and ZTXis common ; 

also lAHX^ iBHXy 

.\AX=BX\ 

.-.arc AX = arc BX, 



(1.1) 

(ill. 1 8) 
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SUBDIVISION OF CIRCUMFERENCE, 



Problem G. 

To bisect the circumference of a circle. 

Through the centre C of © 
AFG draw any diameter AB, 

Then AB shall bisect the O ce. 




For the © may be taken up, 
inverted and applied to its former ^ 
position, so that AB may fall upon 
its former position. 

Then will A GB fall upon AFB ; 
.-. arc AGB = arc AFB, 

Cor. To divide the circumference of a circle into 4, 8, 16, 
32, ^c, equal parts. 

If through C we draw FCG j. 
to^C^, 

then FCG will bisect the arcs 
AFB, AGB, 

.*. the Oce will be divided into 
four equal parts. 

If we now bisect the z s at the 
centre, each of the arcs AGy GB, 
BF, FA will be bisected ; 

and .•. the Oce will be. divided into e^ht equal parts; 
and so on. 




SUBDIVISION OF CIRCUMFERENCE. 12/ 

Problem H. 
To divide the circumference of a circle into three equal farts. 




jp\ 



Let C be the centre of the given circle. 

With any point A in the Oce as centre and distance 
A C describe a © PCQ ; 

produce AC to meet the Oce in R. 
Then shall the Oce be trisected in F, Q, R, 



Join CF, CQ, AF, AQ. 



Then ACF, ACQ axe equilateral a s; 

.'. each of the l s ACF, ACQ is = a third of two right i s; 

.*. z s FCR^ QCR are each = two thirds of two right l s, 

and L PCQ = two thirds of two right ^s; 

.-. z s FCR, QCR, FCQ are = one another; 

.'. the arcs FR, QRy FQ are = one another. 

Cor. Hence we may divide the circumference of a circle 
into 6, 12, 24, 6r»^. equal parts. 

If we produce PC, QC to meet the Oce in Gy E, 

then will the O ce be divided into six equal arcs. 

If we bisect these arcs it will be divided into 12 equal 
arcs; and so on. 
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SUBDIVISION OF CIRCUMFERENCE, 



Problem K. 
Tq divide the circumference of a circle into five equal parts. 




Describe an isosceles a -4^ C having each of the z s at 
the base double the l at the vertex. (ii. c) 

At the centre of the given circle draw the / GOH= l ABC. 

The O ce may be divided into five arcs each = GH, 

For five l s, each = z BAC^ make up two right z s ; 

.*. five L s, each = l GOH, make up four right i s ; 

.*. the Oce may be divided into five arcs each=: GIf. 

Cor. Hence we may divide the circumference of a circle 
into lo, 20, 40, &^c, equal parts. 

Problem L. 

To divide the circumference of a 
circle into fifteen equal parts. 

Cut off GN^ one-third of the Oce, 

and GH — one-fifth of the O ce, 

bisect the arc UN in K, 

Then the O ce may be divided into 

fifteen parts each = HK, 

For of such parts, as the Oce 
contains fifteen, GN contains five, 
and 6^Zr contains three. 

.•. ^iV contains two; 
.'. each of the parts is = HK. 

Cor. Hence the Oce of a © may be divided into 30, 
60, 6^^. equal parts. 
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SUPPLEMENT TO BOOK III. 

Theorem (a). 

If in a circle two chords which do not both pass through 
the centrCy cut one another ^ they do not bisect ecu:h otl^er^ 

If one of them pass through the centre 
it is plain that it cannot be bisected by 
the other which does not pass tiirough 
the centre. 

But if neither of them pass through 
the centre, as PXQy RXSy find the centre 
C, and join CX. 




TJt 



Then •.• CX bisects FQ, .-. CXis^toFQ; (in. 2) 

and V CX bisects -^5, .-. CXis±tojRS; (in. 2) 
.-. z CXFsLTid CXR are right l s, 
and are .'. =one another; which is impossible. 
.-. If in a circle two chords &c. 



C. G. 
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Theorem (b). 

Of all straight lines which can be drawn from a given 
point, which is not the centre, to the circumference, the greatest 
is that which passes through the centre. And of the others, on 
the same side of that through the centre, the one drawn to 
a point on the circumference nearer to the extremity of that 
line is the greater. 




Let A be the given point and C the centre of the given © . 

Through A draw A CB and also any other straight lines 
AR, AS to the Oce. 

Then shall ACB\i^> AR and AR :^ AS. 



Join CR, CS. 



Then AC, CR are together > AR ; (i. i6) 

.-. AC, CB are together > AR, 

i. e. AB is > AR. 

Again \* AC, CR are respectively ^ AC, CS, 

and lACR\%:> lACS, 

.% ARx^^ AS. (i. 1 8) 
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Cor. I. If the given point he not on the Oce, then that 
straight line, which if prodtued would pass through the centre^ 
is the shortest. 

For if the given point A be within the ©, 

then CA^ AS are together > CVS, 

and .-. > CD ; 

.-. -^•S'is > AD; 

and if the given point A be without the © , 

then CSy AS are together > CA ; 

.-. -^•S'is > AD. 

Cor. 2. To every one of the straight lines, on one side of 
that through the centre, there can be drawn one^ and only one, 
equal to it on the other side. 

For the figure may be turned about the line through the 
centre till the O ce on one side of that line shall fall on the 
former position of the O ce on the other side ; 

and .'. to all the straight lines AR, AS &c. 

on one side of the line through the centre 

there will be equal straight lines on the opposite side. 

Also there cannot be two equal straight lines on the 
same side. 

Cor. 3. If the distance between the centres of two 
© s be > the sum or < the difference of their radii, the ® s 
will not meet. 

If the distance be = the sum or difference, the © s will 
meet in one point only. 

If the distance be < the sum and > the difference 

the © s will meet in two points. 

9—2 
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Problem (^). 
Draw a common tangent to two given circles. 




If the ©s are equal, the construction is easy. But if 
not, let A be the centre of the smaller © and B of the 
greater. 

With centre B and radius = the difference between the 
radii of the given ©s describe a © PQ. 

From A draw a tangent AP to © PQ. 

Join BP and produce it to T\ draw AS || to BT\ join ST 

Then ^7* shall be the tangent required. 



•.' ^5is = and ll to PJy .\ ATis a O, (i. 23) 
and ••• TPA is a right i , .*. CJ ATis a rectangle; (i. 27) 
.'.. z s at ^ and T'are right i s ; 
.-. ^r touches the ©s RS, TV. (iii. 6) 
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We may also draw a common tangent to RS^ T'Fthus : 
with centre B describe a ©ZT^ whose radius is = the sum 
of the radii of the given curcles. 



Prem A draw a tangent AH\.o Q)HK, 

Join ^^ cutting rrin T', 

draw AJR \\ to BH; join RT. 

Then i?^ shall be a common tangent to RS, TV, 



For AR is = and |i to HTy .-. HR is a O , 

and L AHTis a right l ; (iii. 6) 

'. IiR is a rectangle, and .*. z s at 7^, ^ are right i:s; 

.•. ^T' touches the given ©s. (iii. 6) 



Proofs of the two following theorems depending on 
the first three Books are here given; but more elegant 
demonstrations will be found in Book vi. 
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Theorem \d). 
If two chords of a circle intersect^ the rectangles contained 
by their segments are equal. 




Let the two chords PQ, RS of the (E>FjRQ intersect in X; 
then shall rectangle (PX, XQ) be = rectangle (jRX, XS). 

If I^Qy jRS intersect in the centre of the •© : then FX, 
XQy RX, XS are all equal; 

and .-. rectangle (PX, XQ) is = rectangle {RXy XS). 



If one of them, as FQ, pass through the centre C, and 




cut the other RS which does not pass through the centre at 
right angles, and accordingly bisect RS, 

join CR. 



Then *.• RX is = the sum and XQ = the difference of 
CXandCQ; 
,\ rectangle (RX, XQ) + square on CX= square on CQ, 

(II. 2) 

and .*. = square on CR, and .•. = squares on CXyXR; (i. 35) 
. •. rectangle (RX, XQ) = square on XR, I e. = rectangle 
(RX, XS). 
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If one of them, as PQ, pass through the centre and cut 




the other RS which does not pass through the centre, but 
not at right angles, 

from C let fall CHi. to RS, 
and join CR, 



Then rectangle {PX, XQ) + square on CX= square on 

CQ ; (IL 2) 

.-. rectangle {PXy XQ) + squares on CHj ^-X'= square on 

CR\ and .'. = squares on CH, HR\ (i. 35) 

.*. rectangle (PXy XQ) + square on ZT-AT^ square on HR; 

but rectangle (RX, XS) + square on HX= square on HR, 

(II. 2) 
.-. rectangle {FX, P0 = rectangle (RX, XS). 



Lastly, if neither of them pass through the centre, 




through X draw the diameter ACXB. 
Then rectangle {FX, XQ) is = rectangle (AX, XB), 
and .*. = rectangle RX, XS. 
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Theorem {i). 

If from a point without a circle a secant and a tangent he 
drawHy the rectangle contained by the farts of the secant between 
the given point and the circle is equal to the square on the 
tangent. 

From a point A without the ®DTR 
let the tangent ATa,nd the secant AI?J^ 
be drawn. 




Then shall rectangle (AjR,AjD) = square 
on AT. 

I St If the secant ' passes' through the 
centre C: join CT. 

Then '.• AJ^ is = the sum, and AI> = ihQ difference of 
CI>andCA; 

.-. rectangle (^^,-4Z>) + square on CI> = square on CA, (11. 2) 

and .•. = squares on CT, AT; (iih 6), (l. 35) 
but square on (7Z>^ square on CT; 
.\ rectangle (AI^, AD) = square on AT. 



Next : If the secant does^ not pass 
through the centre, 

let fall CPxon ADR,. 
and join CD, CT, CA. ^ 




Then rectangle {AR, AD) + square 
on DP = square on AP; ^u. 2) 

.-. rectangle (AR, AD) -hsquaies on Z>P,C/'= squares 
on AF, CP; 

.*. rectangle (AR, AD) + square on CD = square on AC, 
and .*. = squares on CT, AT; (i. 35), (m. 6) 

but square on CD = square on CT; 
.'. rectangle (AR, -4Z>) = square on AT 
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Corollary. If from any point A without a © TDGy 
two straight lines ADR, A GS be drawn cutting the © , then 
rectangle {AD, AjR) is = rectangle (AG, AS). 




For each of them is = the square on the tangent AT 
drawn from A to the ©.. 



Conversely : 

If from a point A without a © two straight lines are 
drawny one of them ASR cutting the ©, and the other AQ 
meeting it, and rectangle AS, AR = square on AQ: then shall 
AQ touch the(^. 

rA 




For if not, if" possible, let it cut the © in some other 
point F. 

Then rectangle AQ, AR= rectangle AS, AR, and 
.'. = square on AQ, which is impossible; 
.\ AQ does touch the © . 
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Problem (/). 
Find the locus of the vertices of all triangles ^ on the same 
base and on the same side ofit^ having a given vertical angle. 





Let AB be the given base, and Q the given angle. 

On AB describe a segment of a© capable of contain- 
ing an angle = Q, 

The arc of this segment shall be the locus required. 



For join A^ B with any point P in the arc : 

then the a APB has its vertical angle = Q \ 

so every A whose vertex is in the arc APB, 

having AB for its base, has its vertical / = C i 

and conversely, every a having its vertical L'^Q, and AB 

as its base, and situated on the same side of AB as the 

segment APB, will have its vertex in the arc APB. 

For if not, if possible let AXB be such a a having its 
vertex within the segment ; produce AX to ZT, join :BII. 
Then l AXB > l AHB, and .'. > ^ but it is also = it, 

which is impossible. 
Again, if possible, let ABP be a a on base AB, having 
its vertical ^^ Q, 

the vertex R being without the segment j join BK. 

Them APB is < i AXB, and .'. < Qi but it is 
also = it ; which is impossible. 

Hence the locus required is the arc APB. 
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Definition. 

The angle of a segment is that which is contained by 
the base of the segment and the tangent at one extremity. 

Theorem (£), 

Assuming the tangent to be the limiting position of the 
secanty prove that the angle of a s^ment of a circle and the 
angle in it are together equal to two right angles. 



Let -^T'be the tangent at one extremity of the 
base AX of the segment ACX. 
Then shall the l XAT3ind the z-in the segment ACX 
be together equal to two right angles. 

Through A draw a secant ACR^ 
and join XC. 

Then angles XAC^ AXCy and the angle in the segment 

A CXy are together equal to two right angles, (i. 24), (iii. 14) 

Now let the secant ACR be turned about A 

towards AT^ and ultimately coincide with it, 

then will C move along the arc towards Ay and 

ultimately coincide with it ; 

also L AXC will continually diminish, 

and ultimately vanish. 

Hence the i XA T'and the i in the segment A CX 

are together equal to two right angles. 
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Definition. 

Similar segnientB ^e those which contain equal 
angles* 

Theorem (K). 

Similar s^ments qfdrcUs having equal chords arc equal 
in- all rcspcctt. 




Let APBy CQD be siinila» segments of circles 
having equal chords AB^ CD, 
Then shall the segments APB^ CQD be equal in all 
respects. 

For let the segment AFB be applied to the segment CQD 

so that the chord AB may be on CD ; 

then will the arc AFB be on the arc CQD ; 

for if not, if possible, let it fall otherwise. 

Then since these arcs cannot meet in more points than 

two, one of them, as CQD, must lie within the other. (111.8) 

Draw the straight line CQR cutting the arcs in Q and i? ; 

join DQ, DR. 



Now •.• the segments CQD, CRD are similar 
.-. lCQD^jlCRD, 
which is impossible ; ('• ^3) 

.-. the arc APB will fall on the arc CQD ; 
.'. the segments APB^ CQDdiXt equal in all respects. 

CoR. U^on the same base and on the same side of it tJierc 
cannot be two similar segments of circles not coinciding with one 
another. 



BOOK IV. 

INSCRIBED AND CIRCUMSCRIBED FIGURES. 



TRIANGLES AND CIRCLES. 

Problem i. 

In a given circle draw a chord equal to a given straight 
line which is not greater than the diameter of the circle. 

Let FQR be the given circle, and A the given straight 
line, not greater than the diameter of the circle. 




It is required to draw a chord in the circle PQR equal 
to A. 

With any point -P, in the circumference FQRy as centre 
and radius equal to A describe a circle HQK^ which must 
meet the diameter drawn through P^ and will therefore 
meet the circle in some point Q ; 

join PQ. 
Then PQ^ is a chord of the circle PQR, 
and is equal to A. 
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Definition. 

A rectilineal figure is said to be inscribed in a circle 
when all the angulv points of the rectilineal figure are 
upon the circumference of the circle. 

Problem 2. 

In a given circle to inscribe a triangle equiangular to a 
given triangle. 




Let it be required to inscribe in the ©-X"K?a a equi- 
angular to the A FQR. 



Draw a tangent SZT io the ®XYZ\ 

at Z in ZS make i SZX = i PQR, 

and at Zin ZT^make l TZY= l QPR : 

join XY: then -ST PZ shall be the a required. 



For the z XYZ is = the z SZX, (iii. 17) 

which was made = z PQR ; 

and z yXZis - z TZF, (iii. 17) 

which was made = z ^/!^ ; 
.'. the remaining z yZX= the remaining z C^P. (i. 25) 
Hence a JTIZ is equiangular to aFQjR. 
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Definition. 
A rectilineal figure is said to be described about a 
circle, when each side of the rectilineal figure touches the 
circumference of the circle. 

Problem 3. 
About a given circle describe a triangle equiangular to a 
given triangle. 




Let it be required to describe about the (S)DEF 2. a 
equiangular to a PQR. 

Produce QR both ways to S, T. 
Draw any radius OD and make l DOE = l PRS, 

and l£>OF=^ l FQT, 
At Z>, Ef F612CN tangents to the © intersecting in X, Y,Z. 

XYZ shall be the a required. 



'.• the four z s of a quadrilateral figure are together = 
four right l s, (i. 30) 

and L s ODZ, OEZaie right z s; (111,6) 

.*. z s £>OEy DZE are together = 2 right z s, 

and .-. - z s FFS, FFQ; ' (i. 9) 

but lDOE= lFRS\ .'. lDZE^ lFFQ. 
Similarly it may be proved that the i at F= i FQR ; 

.•. the remaining i 2X X = i QFR; (i. 25) 

.-. therefore the a XYZ is equiangular to the lPQJR.^ 
and it has been described about the ®DEF, 



144 TRIANGLES AND CIRCLES, 

Definition. 
A circle is said to be described about a rectilineal 
figure when the circumference of the circle passes through 
all the angular points of the rectilineal figure* 

Probi^em 4. 
To describe a circle about a given triangle. 

A. 




Let ABC be the given a . 
It is required to describe a © about the 6. ABC, 



Bisect ACm Q and AB in JR, 

Through Q and JR draw straight lines a. to AC and AB 
respectively, which will intersect in some point O, other- 
wise they would be n, and ,\ ACy AB would be ||, which 
is impossible. 

Join OAy and also OB^ OC, unless O be in BC. 

With O as centre and OA as radius describe a ©; 

it shall be the one required. 



••• ARy RO and lARO are respectively = ^i?, RO, 

and cBROy 

.'. OA =. OB. (i. i) 

Similarly OA = OC 

.*. the © passes through B and C^ and is .*. described 
about the t^ABC, 
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Definition. 

A circle is said to be inscribed in a rectilineal figure 
when the circumference of the circle touches each side 
of the figure. 

Problem 5. 
To inscribe a circle in a given triangle. 




Let PQR be the given a ; 
it is required to inscribe a within it 



Bisect z s PQR, PRQ by QC, RC, intersecting in C. 
From C let fall CZ), C5, CF ± to QR, RP, PQ, 
Then the described with centre C at the distance CD 
shall be the required. 



*.• the / s QDC, DQCy and the side QC are respec- 
tively = z s QFCy FQC, and the side QC, 

.\DC^FC (1.25) 

Similarly it may be proved that DC = EC, 
.'. the described with centre C at the distance CD 
will pass through E and F. 

Also the sides of the a PQR will touch the because 
the z s at 2?, Ey F^Te right l s, (hi. 6) 

.*. a has been inscribed in the a PQR, 
C. G. 10 



SQUARES AND CIRCLES. 



Problem 6. 
To inscribe a square in a given circle. 




In the given © draw two diameters PCQ^ RCS at right 
z s to one another. 

Join PS, SQ, QR, RP. 

Then PSQR shall be the square required. 



•.• the z s at C are right is; .'. they are = one another; 

and .'. the chords PS, SQ, QR, RP on which they 
stand are equal; (in. i8) 

.". PSQR is equilateral. 

Again, •.* z RPS is in a semicircle; .'. it is a right z . (in. i6) 

Similarly the other z s of PSQR are right z s ; 

.'. PSQR is rectangular, and it has been proved to be 
equilateral; 

.'. PSQR is a square and it is inscribed in the given ©. 



SQUARES AND CIRCLES. 



H7 



Problem 7. 
Ta describe a square about a given circle. 



c i 



In the given draw two diameters PCQ^ RCS at right 
z s to one another:. 

at Py Sy Q, R draw tangents intersecting in V, X^ K, Z. 

VXYZ shall be the square required. 



(ill. 6) 
(i. 20) 



•. • the z s at -P and C are right i s ; 

.-. VFXis II tones'. 

Similarly Z<2F is i| ioRCS', 

.-. VFX\% II to ZQY. (i. 22) 

So VRZ, XSYaxe each ij to FCQ and are . • . n to one another. 
Then VX and ZV are each = i?5; •.' VS, 5Z are O s : 
also rZ, ^Fare each - FQ; •.• F^, ^Kare Os : 

but ^*S' = /'C; ••• ^-^> ^y^y V^y XYzit = one another; 

. • . VY is equilateral. 
Also angle at X^ z FCS\ \' FXSC is a O, (i. 26) 
.-. z at -X" is a right z ; so z s at y, Z, ^are right z s ; 

.\ FF is rectangular. 

Hence FF is a square and it is described about the © . 

10—2 
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SQUARES AND CIRCLES. 



Problem 8. 
To describe a circle about a given square. 




Let ABCD be the given square : 
It is required to describe a © about it. 



Draw the diagonals ACy BD intersecting in Q, 
With centre Q at the distance QA describe a © 
It shall be the one required. 



\'AB = £C; .\ aBAC=iBCA', (1.2) 

and since i ABC is a right l ; 
L s BACy BCA are each of them = half a right l , (i. 24) 
Similarly i ABD = half a right l , and .". « z BAC\ 

.\AQ=:BQ. (1.4) 

Similarly BQ^CQ^DQ, 
.', the © passes through By C, JD; 
and is /. described about the square ABCD. 



SQUARES AND CIRCLES. 
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Problem 9. 
To inscribe a circle in a given square. 



A Q 



A F S 

Let ABCD be the given square : 
it IS required to inscribe a circle in ABCD. 



Bisect AB, BC in P, Q, 

Through P, Q draw-P^, QS \\ to BC, AB, respectively. 

With as centre and distance OP describe a © : 

it shall be the one required. 



also 



•.• the opposite sides of Os are « one another; (i. 26) 
.-. SO = AP, OQ = PB, PO = QB, and OJ^ = QC; 
.'. SO, OQ, PO, OP are all = one another; 

.'. the © will pass through Q, P, S: 
• z SAP is a right i /. i OPA is a right i . (r, 21) 
Similarly the i s 3it Q, P, S are right z s ; 
.*. the sides of the square touch the ©. (in. 6) 
.'. the © as inscribed in the square. 

We now proceed to solve the general problems of in- 
scribed and circumscribed regular figures, the constructions 
in the case of squares having been given separately on 
account of their simplicity. 



REGULAR POLYGONS AND CIRCLES. 



Problem io. 

To inscribe a regular polygon having a given number of 
sides in a circle. 




X 

This problem can be solved if the Oce of a © can be 
divided into the given number of equal arcs. 

Let the Oce of the © FQI^ be divided into a number 
of equal arcs FQ, QR, RS &c. 

Draw the chords FQ, QR, RS, &c. 
Then shall FQRS be a regular polygon. 



For if the figure be turned about its centre C, 
so that F may coincide with the former position of Q, 

and .\ Q with that of -^, R with that of S and so on, 
•.•the arcs FXQ, QVR, RZS, &c. are all equal ; 

then FQ will coincide with that of QRy QR with that 
of RS, &c. ; 

.•. FQ= QR=^RSy &c.; .'.the figure is equilateral; 

also the arms of the z FQR will coincide with those 
of the z QRS. 

Hence a FQR = z QRS = z RST, &c. ; . '. the figure is 
equiangular ; 

,\ FQRS is a regular figure, and it is inscribed in the 
given ®. 

Corollary. Hence we may inscribe in a circle regular 

figures of 3, 6, 12, &c.; 4, 8, 16, &c.; 5, 10, 20, &c.; 

15, 30, &c. sides, • (lIL G. H. K.) 
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Problem it. 
To describe about a given circle a regular polygon having a 
given number of sides, < 




This problem can be solved if the © ce of a © can be 
divided into the given number of equal arcs. 

Let the Oce of the given © be divided into a number 
of equal arcs FQ, QR, RS &a ; 

and let tangents be drawn at /*, Q, R^ S &c. intersect- 
ing in A, B^ C &c. 

Then shall ABCD be a regular polygon circumscribing 
the given © . 

For if the figure be turned about its centre O, 

so that P may coincide with the former position of Q : 

then will C R^ S &c. coincide with the former positions of 

R, S, r&c; 
and the tangents at P, Q, R, S &c. with those of the 
tangents at Q, R, S, T'&c. 
Hence the polygon will coincide with its former position; 
.'. AB^BC= CD^DE &c. ; 
also L ABC= I BCD= l CDE, &c, 
.*. the polygon is equilateral and also equiangular, i.e. it is 
a regular polygon and it is circumscribed about the given 
circle. 

Corollary. Hence we may describe about a circle regular 
figures of ^y 4, 5, 6, 8 &c. sides, (iiL G. h. k.) 
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Problem 12. 
To describe a drck about a given r^dar figure. 



Let ABODE be the givea regular figure. 

It iS' required to describe a © about it 

Bisect L s EAB, ABC by AO, BO intersecting in (9, 

and with centre O at distance OA describe a ©. 

This shall be the © required. 



Join OC, OD, &c. 



Then •.• EA\ A03.nd l EAO are respectively 

^ BA, AO z.^d. L BAO\ 

,\ L OEA = L OB A (r i) = half of one of the zs of the 
regular polygon ; 

.'. z ^^Z> is bisected. 

Similarly it may be proved that all the zs of the polygon 
are bisected. 

Then •.• / OAB^ l OBA, .-. OA^OB\ (i. 4) 

similarly OB=OC, &c. ; 

.•. the circle passes through B, C, Z>, &c., 

and is .*. described about the given polygon. 



re;gular polygons and circles. 
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Problem 13. 
To inscribe a circle in a given r^lar figure. 




Let A BCD &c. be the given regular polygon. 
It is required to inscribe a circle within it. 



Bisect the zs ABC, BCD by BO, CO intersecting 
in a 

From O let fall OPi. on AB. 

Then the © described with centre at the distance OP 
shall be the one required. 



Join ODy OEy &c., and draw OQ, OR, &c. ± to 
BC, CD, &c 

Then it may be shewa a& in the previous problem that 
the L s of the polygon are bisected by OD, OE, &c. 

Also •.• z s OPB, OBP and OB are respectively 
= z s OQBy OBQ and OB] 

.'. OP'' OQ. (i. 25) 

Similarly OQ=OR^ OS &c. 

.'. the © will pass through Q, P, S &c. ; 

and it will touch AB, BC, CD, &c., '. • the z s at P, Q, P, &c. 

are right i s; (in. 6) 

.'. it is inscribed in the given polygon. 



AREAS AND PERIMETERS OF INSCRIBED AND 
CIRCUMSCRIBED POLYGONS. 



Problem 14. 
To find the difference between the areas of two regular 
polygons having the same number of sides, one inscribed in, 
and the other circumscribed about a given circle. 




Let ABC, be a regular polygon inscribed in a circle 
and HI/,,, one of the same number of sides circumscribed 
about it, 

formed by drawing tangents to the circle at A^B, C. 
Join OA, OB, OC, &c. OH, 01, Of, &c. 
From OffcMt off OS^AN, and draw XSY \\ to AB, 
Then a OSX is = a ANH in all respects, (i. 25) 

so i^OSY^t^BNH\ 
.-. t.OXY^t.AHB', 

cut off OZ, &c = (9Xor 6^ K 

Then AS OXY^ OYZ, &c. are all equal to one another, 

as are also AHB, BIC, &c 

Hence the difference between the polygons ABC.,., and 

HIJ...V& equal to polygon XYZ.... 



AREAS AND PERIMETERS, ISS 

« 

Cor. I. If the polygons are formed by the continual 
bisections of the circumference, then the polygon XYZ is less 
than a square whose side is '57' (which x^^AB), 

Hence the difference between the polygons ABC^ HIJ^ 
and .'. the difference between either polygon and the circle 
ABC, is less than the square on a side of the inscribed 
polygon. 

Cor, 2. By continual bisections, the circumference of a 
circle can be divided into arcs each less than any assignable 
magnitude ; 

and .•. the chords will each be less than any assignable 
magnitude ; 

.'. the ©ce may be subdivided till the squares on the 
subtended chords shall each be less than any assignable 
area. 

.'.a regular polygon can be inscribed in a circle whose area 
shall differ from that of the circle by less than any assignable 
area : 

so also can one be circumscribed about it, &c. 
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Problem 15, 

To find the difference between the perimeters of two regular 
polygons of the same number of sides^ one inscribed in^ and the . 
other circumscribed cUfout a given circle. 




JEL Jtjri 



Let ABC.h^ a regular polygon inscribed in the circle 
ABC, and HI/,..2l regular polygon of the same number of 
sides circumscribed about it, formed by drawing tangents 
to the © II to the sides oi ABC.,., 

Draw OAHy OBI, also BF n to Aff. Then FI= dif- 
ference between AB and HL 

Cut off Op, Oq, Or, &c. equal to AH or BI : join pq, 
qr, &c. ^tnpq = FL O- i) 

Now complete the polygon /^^r. 

Then the perimeter of this polygon is equal to the 
difference between the perimeters of the polygons ABC, 
HIJ. 
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Cor. I. If the polygons are formed by continual 
bisections of the circumference, then the perimeter of the 
polygon /^r is less than that of a square whose side is XY, 

Now XYvs double oiOXy and .•. double oi NJR', 
but NR is <AN, for i NAR is < z OAR and .'. < l ARN; 

:\ XY is <AB; 

.'. the dij0ference between the perimeters of the given 
polygons, 

and .". between either of them and the given circle is 
less than the perimeter of the square on a side of the 
inscribed polygon. (in. c) 

CoR. 2. Ifenc^ a polygon can be inscribed in a circle 
whose perimeter shall differ from that of the circumference of 
the circle by less than any assignable magnitude. 

So also can a polygon be circumscribed about a circle^ &c. 
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Problem i6. 
To find the area of a polygon circumscribed about a circle. 



Let BFGHK be a polygon circumscribed about a circle. 
Join the centre Q with the angular points of the polygon, 
and also with the points of contact. 



Then the area of A BFQ is = J rectangle (radius QM^ 
and BF\ (i. 32) 

so area of a FGQ is = i rectangle (radius, and FG)y 

&c. &c. 

.'. area of polygon = \ sum of the rectangles contained 
by (radius, and BF)^ (radius, and FG) &c. 

= \ rectangle (radius, and a straight line = the perimeter). 

("• I) 

Cor. Now let the points of contact of the sides of 
the polygon be determined by continual bisections of the 
circumference, then ultimately the area of the polygon will 
differ from that of the circle by less than any assignable 
magnitude, as also will the perimeter of the polygon from 
the circumference of the © . 

Hence the area of the circle is = J rectangle (radius, 
and a straight line =«the circumference). 



BOOK V. 

RATIO AND PROPORTION. 



Introductory. 



Two magnitudes of the same kind may be compared by 
considering how many times one contains the other. 

If one does not contain the other a certain number of 
times exactly, it may happen that each contains some other 
magnitude a certain number of times, and then the two 
given magnitudes may be compared. 

If each of two magnitudes does not contain some other 
magnitude a certain number of times, they are called in- 
commensurable. 

In order to institute a comparison, one of them may be 
diyided into a number of equal parts as small as we please, 
and parts equal to these may be taken from the other till 
there remains less than one of these parts, and therefore all 
the parts together thus taken away differ from the whole 
magnitude by less than one of these parts. Hence the 
former magnitude may be compared with one which differs 
from the latter by less than any assignable quantity. 

Definition. 

The first of four magnitudes is said to have the same 
ratio to the second which the third has to the fourth when, 
if the first be divided into any number whatever of equal 
parts and the third be divided into the same number of 
equal parts, the second contains the same integral number 
of the former parts as the fourth does of the latter. 
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PROPORTION. 



Proposition I. 

Straight lines have to one another the same ratio as rect- 
angles of equal altitude described upon them. 



A. M N 



G 



B P Q 

Let AGy JBIfhe the given straight lines, 
and C the given altitude. 
Then shall AG have to BlftliQ «ame ratio as rectangle 
{AG, C) to rectangle {BH, C), 



On AGy ^^ construct rectangles having altitudes each 
equal to C, 

If now AG ht divided into any number whatever of 
equal parts AM, MN, &c., 

and lines be drawn through M, N, &c. || to AK\ 

then KG will be divided into the same number of equal 
parts as AG* 

If also from ^i^ parts BP, FQ, &c., each equal to AM 
be cut off until there is no remainder or a remainder less 
than AM, 

and lines be drawn through F, Q &c. || to LB : 

then Z^ will contain the same integral number of parts, 
each equal to KMz.% ^ZTdoes parts each equal to AM\ 

^\ AG has the same ratio to BH as KG has to LH, 
i.e. as rectangle (AG, C) has to rectangle {BH, C). 

CoR. In a similar manner it may be proved that straight 
lines have to one another the same ratio as [J s or a^ of equal 
altitude described upon them. 



JPROPORTIOI^. i6r 

Definition, 
Magnitudes which have the same ratio are called pro- 

portaooals. 

The fact of four iHagnitudeS being proportionals is ex- 
pressed thus: 

The first is to the second as the third is to the fourth, 
and written thus — 
the first : the second as the third : the fourth. 

If two magnitudes are equal one will contain the same 
integral number of parts ^ each equal to any third magnitude^ 
as the other. Hence 

Proposition* II. 
Proportions hold ^od if for the magnitudes involved others 
equal to them are substituted. 

For the test expressed by the definition is satisfied. 

Proposition III. 

If four magnitudes are proportional then any others which 
have the same ratio a^ the first and second are proportioned 
to any others which have the same ratio as the third and fourth. 

For the test expressed by the definition i& satisfied.. 

Proposition IV. 
If a magnitude have the same ratio to each of two others 
then these two must be equal. 

For if -4 be the former anJi?, Cthe two latter magni- 
tudes, so that 

A \ B as A \ Cy 

then B must be equal to C, 

Otherwise A might be- divided into a number of equal* 
parts, each less than the difference between B and C ; 

and B and C could not contain the same integral 
number of those parts; but they do (by the definition); 

.•. B is equal to C. 
C. G. II 
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PROPORTION. 



Proposition V. 

If four straight lines are proportional the rectangle con- 
tained by the extremes is equal to that contained by the means. 







Let the four straight lines yt, by r, ^be proportional. 
Then rect. (a, d) is = rect. {b, c). 



On a^ b construct rectangles, the altitude of each being 
equal to Cy and on c, d construct rectangles, the altitude of 
each being equal to cu 



By hypothesis a : b as c : d. 

But a : b as rect (a, c) : rect. (^, c)-, (v. i) 

and c I d as rect. {a, c) : rect. {a, d); (v. i) 

.'. rect. (ff, c) : rect (^, c) as rect. (a, c) : rect {a, d); (v. 3) 

.*. rect (by c) = rect (a, d). (v. 4) 



PROPORTION-. 

Conversely, 

Ifa^ bj c, dure /our straight Unes^ such that 

red. (tf, d) = red. {by e), 
thertja i b as.c \ d. 
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For the same construction bemg made, 
•.*. rcct. (tf, d) = rcct. (^, c); 



.\ rect (flj, c) : rect. (^, <:) oj rect (dJ, c) 

but rect (dr, it) : rect {^, ^) ox ^ 

and rect. (dr,^) : rtcuia^d) as c 

,'. a : b as c 



rect («,^; (v. 2) 
b ; (V. I) 

^ ;(v.i) 

^ .(V.3) 



In like manner it may be demonstrated that, (f the rect- 

it * 

angle contained by two straight lines is equal to the rectangle 
contained by two other straight lines^ then any proportion 
having the sides of one rectangle for the extremes and the sides 
of the other for the means is true. 

Thus'if rect (a, </) = rect {by c)y 

then b i a as d : c, 

and a : c as b : d. 

Cor, If c=b, then rect {bj c) = square on b. 

Also when a i b as b i d, 

the straight lines a, ^, d are then said to be proportional. 

Hence, if three straight lines are proportioned the rect- 
angle contained by the extremes is equal to the square on the 
mean: and conversely. 

11—2 



1^4 PROPORTION. 

Hence may be easily established the following Pro- 
positions: • 

Proposition VI. 
If the four straight lines a^ by c, d are proportional^ 

then a \ c as b \ d." 



For a \ b as c id; 

.. rect. {a, d) = rect. {b, r) ; 
,\ a : e as b : d. 

Proposition VII* 

If a \ b as c \ dy 

then b \ a as d \ c. 



For rect {fly d) = rect. {b, c\ 
and .\ b \ a as d \ c. 

Proposition VIIL 

If a \ b as c \ dy 

then ais> — or <, by according as c is > = or < d. 



For rect. (a, d) = rect {by c)'y 
', ifr be> = ox <dya must be accordingly > = or < ^. 

Proposition IX. 

If a I b as c \ d, 

then a is :> =^ or <^ Cy according as b is> = or <d. 



This follows in a similar manner to the preceding 
demonstration. 
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Proposition X. 

If a \ h as c \ d^ 
then a : 3 as a + c : i + d. 



For rect. (a, d) = rect. {p, c); 
. .'. rects, (a, b){a, d) aiQ together =recte. (3, a)(d, c}; 

.\ rect. (a, b •{■ d) = rect (b, a + c)-, (ir. i) 

t\ a : b as a + c : b •{■ d. 

Cor. So ^ : ^ as the difference of a and.r : .the dif- 
ference of b and d. 

Proposition XL 

If a I b as.c : d^ 

and as e :,/, 

and also as g i h, 

then a I b as c+e+g : d+/+h. 

\' a : jb as c : d; 
.•.- rect. {a, d) = rect (b, e); 

and \* a \ b as e \ f\ 
.'. rect (a^ f) = rect (b, e)y 
so rect («, h) = rect. (b; g). 
Hence rects. («, d) {a,/) (a, h) are together 

= rects. {b, c) (b, e) ^, g) ; 
.'. rect (a, d+f+h) = rect (b, c+e+g); (ii. i) 
.'. a : 3 as c+e-hg : d+/+A, 



Proposition .XII. 


If a 


: b as 


c : 


d. 


and b \ 


\ h as 


1/: 


K 


then a 


: h as 


^': 


k. 


For a 


: ^ as 


^ 


:A 


and b 


: ^ ^ 


h 


xk; 


.-. a 


: c as 


h 


:^; 


.-. a 


: ^ ^ 


c 


: k. 



(V.6) 
V. 6) 

V.3) 
(v.6) 



i 



Since anjr lines whatever are equal to certain straight 
lines, .'. the above propositions (6 — 12) will hold for any 
lines whatever (v. 2). 
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PROPORTION. 



The preceding Propositions (6—^12) may be easily ex- 
tended to areas^ thus : 

Let the four rectilineal figures A, j5, C, D be propor- 
tional, and let a, b, c, J be the bases of rectangles having 
the same altitude/ and areas respectively = A^ B^ C, 2?, 







Then \' A \ B as C \ Di 
,\ rect. {:P,a)>: rect. (/, ^) as rect. (p, c) : rect. (/, d)i (v. 2) 



••. a 
.•. a 



b as c : d; 

c as b I d; 
and .'. A: C as B i D^ 
so also b : a as d : c; 
and .\ B : A as I> : C 



(v. i) and (v. 3) 
(v. 6) 

(V.7) 



Again, A > =s or < B, according asa> = or<^; 

and /. as ^ > = or < ^; (v. 8) 

and .'. as C> ~ or < 2?. 



Shmlarly, ^ > = or < C, slsB> = 01 <D. 

Again, smce a : b as c : d-, 

.\ a : b as a + c : b + d. 
Hence A : B as A+C : C+I?. 



(V.9) 



(v.io) 
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So Propositions 11 and 12 may be shewn to bold for 
rectilineal figures. 

Also since the areas of any figures whatever are equal 
to the areas of certain rectilineal figures; .'. by (v. 2) the 
above propositions hold for the areas of any figures whatever. 

Also all the preceding theorems may be similarly ex- 
tended to other magnitudes as solids and angles. For 
solids may be shewn to be proportional to certain straight 
lines and angles to certain arcs. Moreover 

* 
Proposition XIII. 

If Ay jB, Hhe areas and Cy rf, k straight lines^ such thai 

A : B as e ', dy 

and B \ H as d\ ky 

then A \ H as e \ k. 



For, if/ be any straight line, 

then c \ d as rect (/, c) : rect.(/, d)\ (v. i) 

.\ A X B as rect(/, c) : rect (/, d)i (v. 3) 
so B : H as rect. {p^d) : rect (/, k); 

,\ A \ H as rect (/, i) : rect (/, U)\ (v. 12) 

.-. A : H as e : h (v. 3) 
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COMPARISON OF STRAIGHT LINES. 



Proposition I. 

If a straight line be drawn parallel to one of the sides of 
a triangle it shall cut the other y sides ^ or these frodtued^ pro- 
portionally. 




C D 




£ B 




Let DEh^ drawn n to BC^ one of the sides of the t^ABC. 
Then AD : DB as AE : EC. 



Join BE, DC. 



Then '.• DE is il to BC\ .-. £.BDE = a CDE\ (i. 32) 

.-. t^ADE : i^BDE as aADE : a CDE] (v. 2) 

but A^Z>^ : a^Z^jS as AD : DB \ (v. i) 

and aADE : a CDE as AE : EC ) (v. i) 

.-. AD : DB as AE : -£C. (v. 3) 
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Conversely, 

If the sides AB, AC of the a ABC^ or these sides produced^ 
be cut proportionally in D^ E, 

then shaU the straight line joining D^ E he |i to EC, 



The same construction being made, 

••• AD : BB as AE : EC, 

and A£> : DB as aAHE : aBDE \ (v. i 
also AE : EC as aADE 2 a CDE ] (v. i 

.-. AADE.\.ABDB.as aADE \ ACZfE;{v.2 

.\ aBDE is = a CDE; <v. 4 

.-. DE is II to BC. (i. 33 

•Cor. Similarly it may be proved that, 

if Z?^ be drawn II to J?C, 
then AD : AB as AE : AC 
and conversely. 
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Proposition II. 

77u line bisecting the vertical angle of a triangle divides 
the base into two s^ments which have the same ratio to one 
another which the sides of the triangle have. 




Let the verdcal / BAC of the a!^j&C be bisected by 
thenj^C ; QC as BA : AC. 



Through C draw CR n to QA meeting SA produced 
in R. 



Now ••• QA is II to CR] .\ l BAQ is = z ARC^ 

(l. 2l) 

and I CAQ is = z ACR : (i. ai) 

but I BAQ ^ I CAQ; .•. lARC^iACR; 

.-. AC^AR. (i. 4) 
Also ••• C-4 is to C^ ; 

.•• BQ : QCasBA : AR\ (vi. i) 

.'.BQ : QCasBA : AC. 
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Converse Theorem, 

If the side BC of a ABC be divided in the point Q so 
thai 

B(l\ QC :: BA : AC^ 

then shall' AQ bisect i BAC, 




Through C draw CR \\ to C-^ meeting BA produced 
in A 



Then'.' QA\^ \\ to CR, 
/. BQ : QCasBA : AJR, (vi. i) 

hvXBQ : QCasBA : AC', 
.'. BA : Al^as BA : AC; 

,\ AR^AC; (v. 4) 

.-. lACR^ I arc. (i. 2) 

Also '.• C-4 is n to CX; 
.-. I ACR ^iCAQ and z ARC=^ i BAQ; (i. ai) 
.V z C^C « z BAQ. 
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Proposition III. 

If the line bisecting an exterior angle adjacent to the vertical 
angle of a triangle meet the base produced, then will the 
segments between the dividing line and the extremities of the 
base have the same ratio which the sides of the triangle have to 
one another. 




Let AQ bisect the exterior i CAX oii^ABC and cut 
-Reproduced in Q, 

ThtnBQ : QC as BA : 4C. 



Through C draw C^ II to QA. 



Now •/ CjR is II .to QAy .% z XAQ = / AJiC, { <i. 21) 

^Bdi CAQ = lACI^; (i. 21) 

hut I XAQ'' A CAQ, .'.lARC-^lACHi 

.-. A C= AR. (i. 4) 

Also ••• C^is ir to ^-4; 

.-. BQi QCasBA \ AR-y - (vi. i) 

.\BQ, \~ QCasBA : AC. 
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Converse Theorem. 

Zef Q he a pointy in thesideBCof L.ABC prodticed^ such 
that BQ \ QC as BA I AC. Then shall AQ bised the 
exterior i CAX adjacent to l BAG. 




Through C draw CR \\ to QA. 



Then \^ CR is n to QA, 

.\BQi QCasBA : AR ; (vi. i) 

buti?Q : QCasBA : AC; 
.-. BA : ARas BA : AC; 

.\AR = AC'y. (v. 4) 

.-. I ACR = L ARC. (i. 2) 

Also •.• CR is 11 to QA^ 

.'. iACRis = iCAQ3,ndiARCis^iXAQ; 

(I. 21) 
.-. I CAQ^XAQ. 
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Proposition IV. 

THe sides about the equal angles of equiangular triangles 
are proportional, 

A 





Let ABC^ FGH be equiangular triangles. 

Then shall the sides about the equal l%A and F be 
proportional, 

as also the sides about B and G^ and those about C 
and H. 

From the arms of the l at Ay produced if necessary, 
cut off -^ e = i?t? and AK= FH\ join QK. 

Then a s AQK^ FGH are equal in all respects; (i. i) 
.-. L AQK^ L FGHy and . •. = z ABC\ 

.'. BCis II to QK; (i. 20) 

.-. AB : AQas AC : AK; (vi. i) 

• •. AB : AC as AQ : AXy (v. 6) 

and .'. as FG : FH. 

Similarly it maybe shewn that the sides about J? and G 
are proportional, as also those about C7and H. 

Conversely, ; , 

If the sides about the angles of one triangle be proportional 

to the sides about the angles oj another^ the triangles shall be 

equiangular. 

A. 




Let ABC^ FGUfhe two a s, such that 

AB : ACasFG : FH, 
and AB : BCas FG : GH. 
The AS ABC, FGH^^SS. be equiangular. 

From the arms of the l at A, produced if necess^cry, 
cut oQAQ^FG, and AK=^ FH; join QK. 
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Thus AB : AC as AQ^ : AK\ 
•% AjB : AQasAC : AK; (v. 6) 

.-. QKis II toBC'j (VI. i) 

.-. A s AQKy ABC are equiangular; (i. 21) 
.-. AQ : QKasAB : BC, 
and.-. <wi^G^ : GH\ 
but AQ^FG, .-. G^= <?iy; (v. 4) 

.'. aFGHis equal to A-^^jSTin all respects; (i. 5) 
.'. A i?lff^ is equiangular to a ABC* 

Also, 

If two A J have one angle of the one eqtml to one angle of 
the other y and the sides about the equal angles proportional^ 
then shall the as be equiangular* 

F 

. y] 

B C (T-^B 

Let ABC, FGHht two a s, having lBAC=l GFH, 
and such that AB : AC as FG : FIT. 
Then shall a s ABC, FGUhe equiangular. 




From the arms of the z at A, produced if necessary, 
catof£AQ = FG and AIC^ FH-, join QK. 



Then a s AQK, FGITzxq equal in all respects, 
and •.• AB : AC as FG : FH, 

.•. AB : ACasAQ : AJ^; 

.-. AB : AQasAC : AK', (v. 6) 

.'. QK is II to j^C; (vi. i) 

.*• A ABC IS equiangulat to the a A QKy (i« 2 1) 

and.% to A FGH. 
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'- Proposition V. 

If through any point within or without a Hrcle two secants 
be drawny their segments between the giifsn point and the cir- 
cumference shall be reciprocally proportional. 





Through the point X within or without the © PQR^ 
let two secants be drawn cutting the Oce in jP, Q and 

.Then XP : XS as XR : XQ, 



Join PSy EQ. 

Then •.• in a s PXS, EXQ, 

LPXS=iRXQ,3ndiPSX=iPQX; (iii. 14) 

.'. A s PXS, RXQ are equiangular; (i. 25) 

/, XP I XSasXR : XQ.^ (vi. 4) 

Cor. I. Rectangle XP, XQ^rectangle XR, XS. (v. 5) 

CoTC 2. Let the point X be without 
the © , and let XPQ revolve about JTuntif 
P and Q coincide, 

then the secant XPQ becomes a tan- 
gent, and rectangle ^Z*, -YQ becomes the 
square on XQ'y 
.', rectangle XR, XS= square on XQ. 




COMPARISON OF STRAIGHT UNESi IJJ 

Definition. 
Similar rectilineal figures are those which have their 

corresponding angles equal and the sides about the equal 
angles proportionaL 

Proposition VI. 

In a right-angled triangle^ if a perpendicular he drawn 
from the right angle to the base; the triangles on each side of 
it shall he similar to the whole triangle and to one another. 




Let A CB be a right-angled a having the right l A CB. 

From C let fall CH j. to AB. 

Then shall the as AHC, CHBy ACB be similar to 
one another. 



For the lA\% common to the two a s AHCy A CB ; 

and right l AHC = right i ACB i 

.-. A s AHC^ ACB are equiangular. (i. 25) 

Similarly as CHBy ACB are equiangular. 

Hence the a s AffC, CHB^ A CB are equisingular and 
.•. similar to one another. (vi. 4) 

CoR. The perpendicular from the right angle is a mean 
proportional between the segments of the base. 

For since a AHC is equiangular to a CHB^ 

.\ AH : HC as HC : HB; (vi, 4) 

.•. HCis a mean proportional between AHf HB, 
C.G. 12 
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- - Problem A, 

To divide a straight line similarly to a given divided line. 




Let it be required to divide AB similarly to GH. 



Through A draw a straight line AF equal to GU, 
making any z with AB^ 

and cut off parts AL, LMy MK= GR, RS, 5T respectively. 

Join BFy and through Z, Jf, K draw LX, MV, KZ \\ to FB. 

Then shall AB be divided similarly toGff^ 



Through Z, M, ^draw Z(?, MFy KQ i| to AB. 



Then a s ALX, LMO, MKF, KFQ are equiangular; (i. 2 1) 
.-. AL : AX as LM : LO (or XVy, (vi. 4) 
.-. AL : LMas AX : XV. (v. 6)' 

In like manner, 

ZM : MR: as XY : YZ, 
and MK ; KF as YZ : Zff. 
Hence AB is divided similarly to AF^ and /.to 6^-ff. 
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Problem B. 
To find a fourth proportional to three given straight lines. 

n 





Let it be required to find a fourth proportional to the 
three straight lines jP, C R. 

Draw two st. lines ABXj ^CZT making any i at A. 

Cut ofi AC = P, CH= Q, and AB = R. 

Join CB, and through H draw HX \\ to CB, cutting 
^^J: in X. 

Then shall ^-X" be a fourth proportional to -P, Qy R, 

For since /T-X" is || to CB ; 

.-. AC : CH as AB \ BX, (vi. i) 

.\F \ Q as R '. BX. 

Problem C. 
To find a third proportional to two given straight lines, 

K 





Let it be required to find a third proportional to the 
two given straight lines P^ Q, 

Draw two st lines ABX^ ACHm^mg any l at A. 

Cut oSAC = P, Cir= Qy and AB = C- 

Join CBy and through ZTdraw HX \\ to Cff. 

Then shall BX be a third proportional to -P, C 

For since IfX is n to CB^ 

/. AC ; C^ as AB ; JJ-Y; (vi. i) 

/. P \ Q as Q '. BX. 

12 — 2 
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Problem D, 
To find a mean proportional between two given straight lines. 




Let it be required to find a mean proportional between 
^andj^C 

Produce BC making the produced part CH- A. 

On ^-^ describe a semicircle and draw CX x to BH. 
Then CX shall be a mean proportional between A and BC, 



Join BX, XH. 



Then a s BCX^ XCH^xt, equiangular ; 

:•. CH \ CX as CX X BC] (vi. 4) 

.•. CX'i^ a mean proportional between C^and BC', 

i.e. between A and BC 

Problem E. 

Divide a straight line into two parts so that one of the 
parts shall be a mean proportional between the whole line and 
the other part, 

P $ Q 

Let FQ be the given straight line. 

Divide it in X so that the rect FQ, QX may be = square 

on FX. (II. B) 

Then FQ : FX as FX i QX, (v. 5) 

FQ is said ta be divided in extreme and mean ratio in X. 



COMPARISON OF AREAS OF SIMILAR 
RECTILINEAL FIGURES. 



Proposition VIL 

Similar triangles are to one another as the squares on their 
corresponding sides. 





Let ABCy AHKht similar a s ; 
Then L.ABC : L.AHK as square on AB : square on 
^ZTthe corresponding side of a AHK. 



Let the t^ABC be applied to the t^AHK so as to 
have the sides AB^ AC on the corresponding sides ,^-^, 
AK; and .•. having the side BC \\ to IfK. 

On AB, A If descnhe the squares A£, AG. 
Produce I>B to meet G^^in X; and join Clf. 



Then a ABC : a AUC as AB : AH, and /. as AE :AX; 

(V.I) 

also aAITC : t^AHK as AC : AK\ 

and .-. as AB .: AH\ 
i.e. as AD : AF\ 
and /. as AX : AG\ 
.'. A ABC : lAHK as AE 



(V.I) 
(VI. I) 



AG. 



(V.I) 
(v. 12) 



1 82 SIMILAR FIGURES. 

Proposition VIII. 

Similar polygons are to one another as the squares on their 
corresponding sides. 





B OH 

. Let ABCDF, GHKMTht similar polygons. 

Then shall they bear to one another the same ratio as 
the squares on their corresponding sides AB, GH. 

Divide the polygons into triangles by straight lines 
drawn from B and H. 



Then •.• FA : AB as TG : Gil, and i FAB = i TGH\ 

.'. AS FAB^ TGHzx^ similar; (vi. 4) 

and are to each other as squares on FB^ TH, (vi. 7) 

Again, •.• l DFA = l MTG and l BFA = l HTG\ 

.-. L DFB = L MTH\ 

also DF : FA as MT i TG] 

and FA \ FB as TG \ TH\ 

.\ DF: FB as MT : TH', (v. 12) 

.'. A s DFB, MTHzxt similar; (vi. 4) 

and are to each other as squares on FB, TH, (vi. 7) 

and are .'. in the same ratio as a s FAB, TGH 

So each of the as in the polygon ABCDF; the cor- 
responding A in the polygon GHKMTva the same ratio. 

.•• all the AS in the polygon ABCDF bear to all the 
A s in polygon GHKMTxYi^ same ratio. (v. n) 

That is, the areg, of polygon ABCDF: area of polygon 
GHKMT as uFAB : a TGH, 

and .'. as square on AB : square on GH. (vi. 7) 

CoR. Each of the sides of the one polygon is to the 
corresponding side of the other as AB : GH. 

.'. also the perimeter of the one is to the perimeter of 
the other in the same ratio. (^* 1 1) 
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Proposition IX. 

If four straight lines are proportional^ the squares on these 
lines are proportionaL 




Let ABy AH, AC, AK be cut off from the arms of 
any l -4 =the given st lines and .•. proportionaL 

Then shall the squares on AB, AH, AC^ Al^he pro- 
portional also. 

^ 'iomBC,HK. 



Then ^Cis H to HK, (vi. i) 

and .'. AS ABC, AHK are similar ; (r. 2 1) 
.'. A ABC : A AHK as square on AB : square on AH, 

(VI. 7) 

and also <is square on AC : square on AK; 

(vi. 7) 
.-. sq. on AB : sq. on AH as sq. on AC : sq. On AK (v. 3) 



CoR. Hence also, if similar figures are described on 
AB and ^ZTand similar figures on ACsmd AK^ 

since figure on AB : similar figure on AH as square 
on AB : square on AH, 

and figure on -^C : similar figure on AK as square on 
AC : square on AK, it follows that 

fg. on AB : sim, fig, on AH as fig, on AC : sint. fg, 
on AK ' ., ^ '• (V.3) 
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Proposition X. 

In right-ofigled friangUs the rectilineal J^ure described an 
t/ie hypothenuse is equal to the similar and similarly described 
figures an the other two sides ^ 




Let /*, Q, ^ be figures similar and similarly- described 
on the sides of the right-angled i^^AJBC* 

Then the figure P on the hypothenuse BC is equal to 
the figures Q and R together. 



From A let fall AD x to JBC. 



Then on ^C, -^Care the similar i.s ABQ DAC^ 
and also the similar figures Py Q; 
.-. nABC :, ADACas P : Q; (vi-gCor.) 

.-. A ABC : P as aDAC : Q,\ . 
so also aABC : P as aDBA : R;) ^' ^' 

.-. A ABC : P as A Z?^C together with a 
DBA : figures Q, R together, (v. n) 

but A ABC is • A s DA C, DBA togetiier ; 

»'. -Pis » Q and R together, (v. 4) 
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Problem F, 

On a givm straight line describe a figure similar and 
similarly situated to a given rectilineal figure. 

K 

r 





2C 

Let CDEFG be the given rectilineal figure, 
and A'y the given straight line. 

It is required to describe on XY a rectilineal figure 
similar and similarly situated to CDEFG. 



Join DO, DFy 

and make l s YXR, XYR = z s DCG, CJDGy respectively, 

I s YRK, RYK^ L s DGF, GDF, 

and L s YKH, KYH^ l s DFE, FDE. 

Then shall XYHKR be similar and similarly situated 
to CDEFG. 

For the as GCD, GDF &c. are respectively equian- 
gular to the A s RXY, RYK &c. 



• • 



CG \ GD^XR \ RY, (vi. 4) 

and GD : GJ^as RY : RK\ (vi. 4) 

.-. CG : GF2AXR : RK, (v. 12) 

and so on. 

Thus all the z s in the one polygon are = the cor- 
responding z s in the other, and the sides about the 
corresponding z s are proportional 

.% the polygons are similar. 
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Problem G. 

To describe a rectiiineat figure equal to one and similar to 
another given rectilineal figure* 







Let it be required to describe a rectilineal figure similar 
to ABCFG and equal to H. 



Describe Squares MS^ AT equal to AC^ and H. (ir. A) 
To MN, PQ and AB take a fourth proportional XY. (vi. B) 
On XY describe a figure XZ similar to that on AB : (vi, F) 
this shall be the figure required. 



For since MN i FQasAB i XY', 

.'. square MS : square PK as figure AC : figure XZ\ 

(vi. 9 Cor.) 

but square Jf5 = figure AC^ .•. square PK- figure XZ\ 

(V. 4) 
.'. figure XZ^ figure H^ and it is similar.to figure AC. 



COMPARISON OF CIRCLES. 



Proposition XI. 

Similar polygons inscribed in circles are to one another as 
the squares on their diameterSy cUso the perimeters of the 
polygons are as the diameters of the circles. 

T 




A 




C 2.^^ -T^X 

r 



B 

Let ACGy ZXVhe simUar polygons inscribed in the 
®sAG,ZV. 

Through Ay Z draw the diameters APy ZQ» 

Then polygon ACG : polygon ZXV as square on 
AP : square on ZQ. 

Join BPy YQy also A C, ZX. 

Then lACB = lZXY\ (vi. 8) 

.-. L APB = L ZQYy (hi. 14) 

also L PBA = L QVZ; (iii. 16) 

.'. A ^jR^ is equiangular to aZQV; (i- 25) 

.-. AP : ZQ as AB : ZY; (vi. 4) 

.*. square on AP : square on ZQ as square on 
AB : square on ZY. (vi. 9) 

And since polygon ACG : polygon ZXV as square on 
AB : square on ZY; (vi. 8) 

.'. polygon ACG : polygon ZXV as square on 
AP : square on ZQ. (v. 3) 

Also the perimeters of the polygons are as the diameters, 
for AB : ZYas AP : ZQ; (yi. 4) 

also BC : YX in same ratio, and so on j 
.*. perimeter of ACG : perimeter ofZXYin same ratio. 

(V. II) 
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Proposition XII. 

Circks are to one another as the squares on their diameters^ 
and their circumferences are as their diameters, 

G 




Let ABG, CFK be two circles ; AB, CF their dia. 
meters. 

Then shall Q)^ ABGy CFK be to one another as the 
squares on AB, CF. 

m 

For if not, if possible, suppose that 

square on AB : square on CFas^ABG : some space 
X less than © CFK. 

Inscribe in the © CFK a, polygon which differs from the 
© CFK by a space less than the excess of © CFK above 
the space X; (iv. 14, Cor. 2) 

so that the polygon CFK is > the space X. 

Now let a similar polygon to this be inscribed in 
eABG. (IV. 10) 

Then polygon in (^ABG : polygon in ®CFK as 
square on AB : square on CFj (vi. 11) 

and .-. as <s)ABG : X; (hyp.) 

but polygon in ®ABG is < ®ABG, .*. polygon in 

©C-raris<^; (v. 9) 

but it is also greater, which is impossible ; 

/. square on AB is not to square on CFas (^ABG : 

any space less than © CFK. 
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Again, if possible, suppose that 

square on AB : square on CFas ®ABG : some space 
T, greater than © CFK\ 






,*. square on CF : square on AB as T : ®ABG, (v. 7) 
and ,\ as ® CFK : some space less than ®ABG', (v. 9) 
which is impossible. 

Hence the ratio of the square on AB to the square on 
CFis not the same as that of the ®ABG to any space less 
than ®CFj^, nor as that of the ®ABG to any space 
greater than © CFJ^, 

and is .*. the same as that of the ®ABG to the © CFI^. 



Also, 

T^e circumferences of circles are to one another as their 
diameters. 

For the perimeters of similar polygons inscribed in 
circles are as their diameters. (vi. 11) 

Also a polygon may be inscribed in a © whose perimeter 
shall diflfer from the Oce of the .© by less than any assign- 
able magnitude. (iv. 15, Cor. 2) 

Hence it may be shewn by a demonstration precisely 
similar to the foregoing, that the circumferences of circles 
are as their diameters. 



■■■■ 



COMPARISON OF ANGLES, 



Definition. 
A sector is the figure contained by an arc of a circle 
and the radii drawn to its extremities. 



Proposition XIII. 

In equal circles^ angles at the centre have the same ratio 
as the arcs on which they stand; 

so also have the sectors. 





Let AXG, BLH be angles at the centres K^ L of equal 
circles. 

Then shall l AKG have to l BZHthe same ratio as 
arc -^ G^ to arc BH, 

For if I AKG be divided into any number whatever of 
equal i s AKM, MKN, &c., and l s BLP, PLQ, &c. 
equal to them be successively cut off from l BLH: 

then the arc AG will contain the same number of arcs 
each equal to AM as i AKG does angles each equal to 
lAKM] 

also the arc BIT will contain the same integral number 
of arcs each equal to AM as i BLH does angles each 
equal to i AKM; 

.'. I AKG : iBLHasaicAG : aic BH. (Def.) 

So also sector AKG : sector BLH as bxc AG i arc 
BH. 

For by applying the sector KAM to the sectors KMNj 
LBP^ &c. it may be shewn that they are equal to one 
another. 

The remainder of the proof is similar to the foregoing. 




SUPPLEMENT TO BOOK VL 

Problem (a). 
To divide a straight line in a given ratio* 

Let AB be a given 
straight line. ^ ^ 

It is required to ^ 

divide AB in the ratio 
of -Pto Q. 

Through A draw a straight line AGH, making any 
L with^^; 

cut oflf-4G = -Pand GH= Q. 
Join HB^ and through G draw GX \\ to HB. 
Then shall AB be divided in X in the ratio of jP to Q. 

'.' GXis n to IfB; /. ^A' : XB as AG : GIf; (vi. i) 

i. e. as B : Q. 
Hence AB has been divided in the required ratio. 

Problem (d). 

To produce a given straight line to a point such that the 
whole line thus produced shall be to the part produced in a 
given ratio. 

Let AB be the 
given straight line. 

It is required to 
produce AB to a point 
such that the whole line 
thus produced shall be 
to the part produced 
in the ratio of P to Q. 

Through A draw any straight line AHG making an l 
with AB ' 

cut ok AG « -Pand Gir= Q. 

Join HB, and through G draw GX B to JIB meeting 
AB produced in X, 

Then AX i XB as F : Q. 

••• G^A"is D to-ff^; 
.-. AX : XB as AG : GH\ (vi. i) 

AX : XB as F '. Q. 




9 • 
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Problem (r). 

Find the locus of a point whose distances from two fixed 
points are always in a constant ratio. 

Let Ay B be the two fixed points. 

Join ABy and divide AB in F 
in the given ratio; 

also produce AB to G so that 
AG : GB in the given ratio. 




FB'y 



Now let P be any point in the 
locus; join APy PBy PFy PG; and 
produce AP to -AT. 

Then AP : PB as AF 

.-. jR/?' bisects the z APB; 
also AP : PB as AG : GB ; 

.'. PG bisects the z BPK, 

Hence the i FPG is a right l . 

.'*. every point in the locus is situated in the Oce of 

the © of which FG is the diameter. (ni. i6). (in. f) 

Also AF : FB as AG : GB; 

r. AFiAG as FB : GB; 

.'. FG is divided in B in the ratio of AFto AG. 



(VL 2) 
(VI. 3) 

(1.9) 



Again, every point in the O ce is a point in the locus. 
For let P be any point in the Oce. Join AP, PF 
Then the straight line drawn from P making an i with 
PF:=^ A APF will divide FG in the ratio of ^i^'to AG, 
and .'.in the ratio of FB to GB\ and .*. cuts FG in B; 

i.e. iBPF= lAPF; 
.-. AP : PB as AF : FB; (vi. 2) 

.*. every point in the Oce is a point in the locus ; 
>e locus is the Oce of the © of which FG, is the diameter. 
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Theorem {d). 

If two triangles have one angle of the one equal to one 
angle of the other and the sides about two other angles pro- 
portionalf then shall the triangles be equiangular in certain 
cases, 

A, 




K 

Let ABCy FGH be two triangles having the l ABC 
*s L FGH and the sides about the l s BAC^ GFH pro- 
portional, 

so that BA : AC as GF : FH\ 

then shall the a s ABC^ FGItht equiangular in certain 
cases. 



Cut ofLAQ'^^FG and AK^FH\ and join QK, 



Then BA ; ACas QA : AIT; (v. 2) 

.\ BA I QA as AC : AK] (v. 6) 

.-. C-^is II toi?C; (vi. i) 

/. L AQKis = I ABC, and l AKQ = i ACB; (i. 21) 
•'. A ^QAT is equiangular to a ABC: 
and since lABC^lFGH, .\lAQK^FGH\ 
also AQ, AK-^FG, JrZT respectively ; 

•\ A 8 AQK, FGH are equal in all respects if the l% 
AKQ, FMG are both acute, both obtuse, or if one of them 
is a right L ; (i. b) 

•'. if the / 8 ACB, FHG are both acute, both obtuse, or 
if one of them is a right l , then l,ABC is equiangular to 
S.FGH. . 

C. G. 13 
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Theorem (i). 

If any number of straight lines he drawn from a given 
point and be cut by parallel straight lineSy then shall these 
parallel straight lines be divided proportionally. 




Let the straight lines AE, AH, AL^ AR be cut by the 
parallel straight lines BPy CQ. 

Then shall BP, CQ be divided proportionally. 



For ^F : CG as AF : AG, (vi. 4) 

and .•• as FJ \ GK) (vi. 4) 

.-. BF : FJ as CG I GK. (v. 6) 

Similarly FJ \ JF as GK : KQ. 

Hence BPy CQ are divided proportionally. 
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Theorem (/)• 

If an angle of a triangle be bisected by a straight line 
which likewise cuts the base^ the rectangle contained by the sides 
of the triangle is equal to the rectangle contained by the segments 
of the base together with the square on the straight line which 
bisects the angle. 




Let the tBACoi t^ ABC be bisected by AQ. 

Then the rectangle {BA^ ^C) = rectangle {BQ, QC) 
+ square on AQ. 



About ABC describe a ©; 
produce AQto meet the Oce in ^ and join CjR. 



Then z s ABC, A J^C in the same segment are equal, 

(ill. 14) 
also iBAQ = iRAC', 

♦•.AS BAQy I^ AC axe equiangular; (i. 25) 

.-. BA : AQas AR : AC] (vi. 4) 

/. rectangle (BAf AC) = rectangle {AQ, AR) (v. 5) 

= rect. {A Q, QR) + square on A Q, 

(II. I) 

and .•• = rect {BQ, QC) + square on AQ, 

(VI. S) 
13—2 
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Theorem (^), 

If from the vertex cf a triangle a straight line he drawn 
perpendicular to the base, the rectangle contained by the sides 
of the triangle is equal to the rectangle contained by the per- 
pendicular and the diameter of the circle about the triangle. 




Let ABC be the given a, ABRC the © described 
about it, AR the diameter through Ay and AHi. to BC. 

Then rectangle (BA, AC) = rectangle {Alf, AR). 



Join RC. 



Then i s ABC, ARC in the same segment are equal ; 

(iiL 14) 

also the right z s AUB, ACR are equal ; (iii. 16) 

.•. A s AHBy ACR are equiangular; (l 25) 

.-. BA : AH as AR : AC\ (vi. 4) 

rectangle {BA, AC)» rectangle {AJI^ AR). 

(V. 5) 
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Theorem {h). 

The redangk contained by the diagonals of a quadrilateral 
inscribed in a circle is equal to both the rectangles contained by 
the opposite sides. 




Let FGHK be a quadrilateral figure inscribed in the 
(^FGHKy and FH, GK\\& diagonals. 

Then rectangle {FHy GK) = rectangle {FG, HK) + rect- 
angle {GH, FK). 



Make i GFS = i HFK. 



Then since i s FGK^ FHK in the same segment are 
equal; (in. 14) 

•*. AS FGS^ FHKzit equiangular; (i. 25) 

.-. FG : GSasFH : HK-, (vi.4) 

.-. rectangle {FG, HK) = rectangle {FH, GS). 

(V.5) 
Similarly rectangle {GIf, FK) = rectangle {FH, SK); 

.'. rectangle (FG^ HK) + rectangle {GH, FK) = rectangle 
(FH, G^5)+ rectangle (T^ff; 5^) = rectangle {FH, GK). 

(II. I) 
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Theorem (/). 

If two triangles which have two sides of the one propor- 
tional to two sides of the other be joined at one angle^ so as to 
have the former sides parallel to the latter respectively: the 
remaining sides shall be in a straight line. 




Let ABCy FCH be two a s, having the sides about 
the z s -^ and 7^ proportional, so that BA \ AC as CF : FH^ 
be joined at one angle C, and have the sides BA^ AC 
parallel to the sides CF^ TrZT respectively. 

Then shall BC^ CHh^ in one straight line. 



For I BAC= L ACFa.nd.\ = i CFff, (i. 21) 
and the sides about the is 3itA and i^are proportional ; 

••.the AS ABCy FCH axe equiangular; (vi. 4) 
.-. lACB^lFHC, 
also iACF=L CFH\ 
.•.the z s at C are = the three z s of a FCH^ 

and are .'. = two right z s ; (i. 24) 

4*. BC^ Clfaxt in one straight line. (i. ,10) 
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Theorem (/), 

Rectilineal Jigures which are similar to tJu same rectilineal 
figure are similar to one another. 




Let ABC, GHK be each similar to PQR, 
then shall ABC, GHKht similar to one another. 



For ABC, GHK are each equiangular to FQR and 
.'.to one another. 

Also the sides about the z s of ABC are proportional 

to the sides about the corresponding z s of FQR, and are 

therefore proportional to the sides about the corresponding 

z s of GHK. (V. 3) 

Hence ABC is similar to GHK. 
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Theorem {k), 

ParcUldograms about the diameter of any paralklogram 
are similar to the whole and to one another. 




Let RHy KS be O s about the diameter AC oi EJ FBy 
RHy KS shall be similar to FB and to one another. 



For AS AHGy ABC2XQ equiangular; 

.•• AH : HG as AB : BC. (vi. 4) 

Hence the EJ s RHy FB are equiangular and have the 
sides about their equal angles proportional ; 

.'. RH\% similar to FB. 

So KS is similar to FB ; 

• • . RH is similar to KS^ (vi . y) 
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Theorem (/). 

If two similar parallelograms have a common angle and 
be similarly situated^ they are about the same diameter. 




Let KG^ FB be similar O s having a common l ^X A 
and similarly situated. 

Then shall they be about the same diameter through A. 



For if not, if possible, let the diameters AH, A C not 
coincide ; let HG cut -^C in Y\ through Y draw YX |] to 
AB. 



Then O XG is similar Xo CJ FB*, (vi. It) 

but A'G^ is similar to i^5; (hyp.) 

.*. XG is similar to KG\ (vi-/) 

.\AG : AX as AG : AK\ 

.\AX=AXi (v. 4) 
\Vhich is impossible. 

Hence KG, FB cannot but be about the same diameter. 
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Theorem {^\ 

Parallelograms which are equal and equiangular have the 
sides about their equal angles reciprocally proportional. 

JT A X 




Let QH^ QK be equal and equiangular parallelograms 
having the angles BQC^ AQD equal to one another. 

Then QA : QB as QC : QD. 



Let the Os be placed so that AQ^ QB may be in the 
same straight line, and also DQ.y QC m the same straight 
line; 

produce KA^ HC to meet in X : then QX is aO . 

Now *.' CJQH^CJQK^ 

.-. CJQX \ CJ QHas CJ QX \ EJ QK; (y. 2) 

but CJQX : CJQHas QA : QB A , . 

and njQXxCJQKas QC : Q£>J ^' ^ 

QA I QBas QC : QD. (v. 3) 

Conversely, If the sides about the equal angles BQC, AQD 

of the equiangular parallelograms QH^ QK are reciprocally 

proportional^ 

then CJ QH^EJQK. 



Now QA : QBas QC \ QD. 

But QA \ QBas EJQX \ EJQH\ 

and QC : QD as EJ QX : CJ QK',] ^^' ^' 

.\ aQX : CJQHas CJ QX : O QIC; (v. 3) 

.\ CJQH^ CJQK. (v. 4) 
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Theorem («). 

Equal triangles having one angle of the one equal to one 
angle of the other ^ have the sides about those angles reciprocally 
proportional. 




Let AQDy BQChe equal triangles, having the i AQD 
= lBQC. 

Then QA : QB as QC : QD. 

Let the a s be so placed that QA may be in the same 
straight line with QB and QC with QD. 

Join A C, 

Then •.• tiAQD =^ i^BQC\ 
.-. t^AQC : ABQCas aAQC : aAQD; 

but aAQC : ABQCas QA : QBA , . 

and aAQC : t^AQDasQC : QD-] ^ '^' 

.-. QA I QBas QC \ QD. (v. 3) 

Conversely, If AQD, BQC be two as having the i s 
AQDy BQC = one another^ and the sides about those angles 
reciprocally proportional^ 

then aAQD=- a BQC. 

For QA : QB as QC : QD. 

But QA : QBas aAQC : aBQC, \ . . 

and QC \ QD as aAQC : aAQD;] ^ '^^ 

aAQC : aBQCos aAQC : aAQD, (v. 3) 

aBQC^aAQD. (v. 4) 



• • 



• • 
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Euclid's test of proportion is the following : 
The first of four magnitudes is said to have the same 
ratio to the second which the third has to the fourth, when 
any equimultiples whatever of the first and third being taken 
and any equimultiples whatever of the second and fourth, 
if the multiple of the first be equal to that of the second, 
then the multiple of the third is equal to that of the 
fourth, if greater, greater, and if less, less. 

Prop. I. Book v., and Prop. XIII. Book VI., may be 
established by the direct application of the above test 

Theorem {p). Prop. I. Book V. 

Straight lines have to one another the same ratio as the 
rectangles of equal altitude described upon them. 
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Let AD, BF be rectangles of equal altitude on the 
' straight lines A G, BH. 

Then shall A G have to ^-^the same ratio as AD to BF. 



From AG produced cut off any number of parts GP, 
FQ, &c. each = AG, and from BB produced any number 
of parts BF, FL, &c. each = BH. 

Complete the rectangles FD, FF, &c. 
Thus any equimultiples whatever have been taken of 
AG and rectangle AD\ namely, AS and rectangle A Y\ 

and any equimultiples whatever have been taken of BH 
and rectangle BF\ namely, ^Xand rectangle BZ. 
Also if AS be - BK, then rectangle AVis = rectangle BZ, 
if greater, greater, and if less, less ; 
.-. 4G \ BHasAD : J^F. 
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Theorem (/). Prop. XII L Book VI. 

In equal circles^ angles at the centre have the same ratio 
as the arcs on which they stand; so also have the sectors. 





Let AKGy BLHhQ angles at the centres K, L of equal 
circles. 

Then shall l AKG have the same ratio to l BLHzs 
arc AG to arc BIT, 



For if z s GKD^ DKE, &c be made each equal to 
L AKG^ and l s HLR^ &c. each equal to l BLH\ 

then L AKF and arc AF are equimultiples of l AKG 
and arc AG^ and l BLS and arc BS are equimultiples of 
L BLH and arc BH, 

Thus any equimultiples have been taken of l AKG and 
arc AG^ and any equimultiples of l BLHzxl<^ arc BH-y 

also if L AKF be = ^ BLSy then arc AF is = arc BS^ 
if greater, greater, and if less, less. 

,% lAKG : L BLH as zxz AG : zxcBH. 



Similarly it may be shewn that 
sector AKG : sector BLH as zxcAG : arc BH,, 
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COMPOUND RATIOS. 



When there are any number of magnitudes of the same 
kind, the first is said to have to the last of them the ratio 

compoimded of the ratios of the ist to the 2nd, the 2nd 

to the 3rd, and so on to the last (or of ratios the same as 
these tatios). 

Thus, if there are three magnitudes of the same kind, 

the ist has to the 3rd the ratio compounded of the ratios of 
the ist to the 2nd, and the 2nd to the 3rd. 

Moreover, if these three magnitudes are proportional, 
then the ratio of the ist to the 2nd is the same as the ratio 
of the 2nd to the 3rd. 

Accordingly, when three magnitudes are proportional, 

the ist is said to have to the 3rd 

the duplicate ratio of that which it has to the 2ud, 

The antecedent terms of proportionals are said to be 
homologons to one another ; so also are the consequents. 

Thus, the corresponding sides of similar figures are 
homologous to one another. 
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Proposition {q). 

Similar triangles are to one another in the duplicate ratio 
of their homologous sides. 



Let the similar triangles ABC^ AHK be placed so as 
to have the sides AB^ -^C along the homologous sides -^ZT, 
^^and.-. ^C|| to^^. 

Join CH^ and take X a third proportional to AB and 
AH. 



Then t.ABC : t^AHCas AB : AH, -(v. i) 

and £.AHC : t. AHK as AC : AK, (v. i) 

and ,\ as AB : AH, (vi. i) 

and .". as AH : X; (v. 3) 

.-. A ABC : A AHK as AB : X; (v. 13) 

i. e. A ABC : a AHK in the duplicate ratio ofAB to AH. 

Hence, proceeding as in Proposition VIII., it may be 
proved that 

Similar polygons are to one another in the duplicate ratio 
of their homologous sides. 

Thus squares are to one another in the duplicate ratio 
of their sides. 
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Proposition (r). 

If four straight lines are proportional , the duplicate ratio 
of the first two is the same as that of the latter tivo. 



a c 

I, d 

X 



Let ay by c, d be the four given straight lines. 

To a and b take a 3rd proportional x^ and to c and d 
a 3rd proportional z. 

Then \* a \ b as c \ d\ 

.*. b : X asd : z; (v. 3) 

.*. a : xase I Zf (v. 12) 

i.e. the duplicate ratio of ^ to ^ is the same as that of 
ctod, 

CoR. If four straight lines are proportional^ similar 
rectilineal figures on the first two are proportional to similar 
rectilineal f^res on the last two^ (vi. q) 
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Proposition (s). 

Equiangular paraUelogratns have to one another the ratio 
compounded of the ration of their sides. 




c 



Let OXj OY be equiangular parallelograms, placed so 
as to have the arms of their equal angles A OB, COD in 
the same straight lines. 

ThenO OX shall have toO OY the ratio compounded 
of the ratios of 

OA to OC and OB to OD. 



Take Fdi fourth proportional to OB^ OD and OC. 



Then EJ OX -. EJ BC as OA : OC, (v. i) 

and EJBC : O OY as OB : OD, (v. i) 

and •'. as OC : F\ (v. 3) 

.". O OX : EJOYas OA : F, (v. 13) 

which is the ratio compounded of the ratios of 

OA to (9Cand OB to C>Z>. 



C. G. 14 



SOLID GEOMETRY. 



PLANES. 



Definition. 

A solid has length, breadth, and thickness. 
A solid is bounded by superficies. 

Proposition I. 

One part of a straight line cannot be in a plane, and 
another part out of it. 




For if it be possible, 

let one part AB of the straight line ABC be in the 
plane PN, and another part BC out of it. 

In the plane PN, produce AB in a straight line to X 



Let a plane through ABX be turned about ABX till it 
passes through C, and .'. contains BC. 

Then the two straight lines ABC, ABX in one plane 
have a common segment ; which is impossible. 

.'. One part of a straight line, &c. 
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Proposition II, 
Two straight lines which cut one another are in one plane. 

F 




Let the two straight lines AB^ CF cut one another 

mG. 

Then shall AB^ CFWt in one plane. 



For let a plane through AB be turned about AB till it 
passes through C. 

Then since this plane contains C and G^ it contains 
the straight line CGF. 

Hence ABy CF lie in this plane. 

Proposition III. 

Three straight lines which cut one another and form a 
triangle are in one plane. 




Let the three straight lines AB^ BCy CA cut one 
another and form a a . 

Then shall AB, BC, CA lie in one plane. 



For let a plane containing ^C be turned about BC till 
it passes through A. 

Then since this plane contains A and B it contains 
ABy and since it contains C and A it contains CA., 
Hence AB, BC^ CA lie in this plane. 

14 — Z 
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PLANES. 



Proposition IV. 

If two straight lines are parallel, the straight line drawn 
from any point in the one to any point in t/ie other is in the 
same plane with the parallels. 



A C 



If 



F 



Let AB, CFht parallel straight lines, -P, Q any points 
in AB, CF respectively. 

Then shall the straight line joining P^ Q be in the same 
plane as AB^ CF. 



For if not, if possible, let it be out of this plane as 
PXQy and in this plane draw a straight line FNQ joining 
F and Q, then there are two straight lines FNQ, FXQ 
inclosing a space ; which is impossible. 

Hence, If two straight lines, &c 



Proposition V. 

If two planes cut one another, t/teir common section is a 
straight line. 




Let PIQ. be the common section of two planes AB, 
CD which cut one another ; PIQ shall be a straight hne. 



For if not, if possible, 

let a straight line PXQ be drawn from 7* to ^ in the 
plane AB, and a straight line PYQ from P Xa Q in the 
plane CD. 

Then there are two straight lines PXQ, PYQ inclosing 
a space; which is impossible. 

.•. If two planes cut, bic 



STRAIGHT LINES PERPENDICULAR TO PLANES. 



Definition. 

A straight line is said to be perpendicular to a plane 

when it is perpendicular to every straight line in that plane 
which meets it 

Proposition VI. . 

If a straight line be perpendicular to each of two straight 
lines at their point of intersection^ it shall be perpendicular to 
the plane passing through them. 

Let FQ be±to QA and QC. 

Then shall PQ be ± to the ^ 

plane passing through QA^ QC, 

Through Q in the same plane 
as QA^ QC draw any other straight 
line Qlf'y and through any point 
H in QIl draw a straight line 
cutting QA^ QC in A and C; 
produce PQ making QP = PQ ; 
join PA, PC, PIT, PA, PC, PH. 




Then •.• PQ, QA and right z PQA 

are respectively = PQ, QA and z PQA ; 

.\ PA « PA. (i. i) 

Similarly PC = PC, 
and ^C is common to as PCA, PC A \ 

.\ I PCA = L PCA; (i. 5) 

also PC, ClfsiTe respectively ^ PC, CH\ 

..PH^PH; (i. i) 

also PQ, QH^ixt respectively ^ PQ, QHy 

.\ lPQH^lPQH, (i.s) 

.-.i'Qisj.to QH\ 
.-. i'C is X to the plane through QA, QC, (Def.) 
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Conversely : 

If a straight line is perpendicular to each of three stratglU 
lines which meet in a pointy these thru straight lines are in 
one and the same plane. 




Let PQ be x to QA, QC, QX. 

Then shall these three straight lines be in one and the 
same plane. 



For if not, if possible, let QX be out of the plane in 
which are QA, QQ and let the plane in which are PQ, QX 
cut the former in QH. 

Then FQ is ± to QH, (by the Prop.) 

but it is also ± to QX; (hyp.) 

which is impossible. 

.\ If a straight line^ &c. 
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Proposition VII. 

If two straight lines be at right angles to the same plane, 
they shall be parallel to one another^ 




Let AB, CFhe each x to the plane BFG. 
Then shall AB be |i to CA 



Join BjF and draw FG in the plane BFG± to BI' 
and = AB. 

Join BG,AG, AF. 



Then •.• AB isJLto the plane BFGy .*. iABFisb. 
right I ; 

.'. AB, BF and l ABF are respectively = GF, FB, 
and I GFB ; 

.-. AF= GB. (i. i) 

Hence AF, FG, GA are respectively = GB, BA, AG ; 

.-. lAFG^l GBA. (1.5) 

But I GBA is a right ^ , '• * -4-5 is ± to plane -5i^6^ ; 

.'. I AFG is a right z ; 

also z 67^6^ is a right z , •.• C7?'is x to plane BFG; 

.'. GF is J. to each of the three straight lines FB, FA, FC; 

,\ FC is in the same plane as AF, FB, in which plane 

is also AB. (Prop. 6) 

Then •.• ABF, CFB are right z s; 

.-. AB is II to CF. (i. 20) 
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Conversely : 

If two straight lines he parallel^ and one of them be at 
right angles to a pldne^ the other shall also be at right angles 
to the same plane. 




Let AB be n to CF, and CT^be x to the plane BFG. 
Then shall AB be ± to the plane BFG. 



Join BF^ and in the plane BFG draw GF x to BF 
and = AB, 

Join BG, AG, AF 



Then '.• CjF is x plane BFGy .'. is CFB, CFG are 

right zs; 

and ••• AB is i| to CF, .-. l s ASFy CFB are to- 
gether = two right L s; .'. L ABFis a right z , . (i. 21) 
and •.• GF is x to CF, and also x to BF; 

.". GF is X to the plane in which are CfF, BF (Prop. 6), 
and .'. X to AF, .*. i AFG is a right i . 

Again, •.• ^-^, BF and z -^j9i^ are. respectively » G^/s 

i?:^ and I GFB; 

.-. ^J?'= G^^. (i. i) 

Hence AF, FG, GA are respectively = GB, BA, AG; 

.'. lAFG^ lABG; (i. 5) 

.*. L ABG is a right l , and also l ABFis a rfght i ; 
/. v4-ff is X to the plane BFG. (Prop 



.8 STKA,C,T ^»B^ ^^O"'"""'"-"' 



TO PLANES. 



Proposition VIH. 
. ',1. to draw a straight lim Perpendicular 




is ai 



«^ P a point without it, 
rorlet^^bea^Venpi^e,a^^^P^.g,,li,e.to 

and let it be required to dra 

the plane AB. ^^^_____ 

— ■ ■ V* i;«<. CF. and from 

A n ^raw any straight line o^, a 
In the plane AB draw any 

/> let fall PCX to C/^. ,^e ^^. the thing re- 

Thenif/'Cis^^-"*°* '^ 
quired has been done. ^^^.^ C/; ^d 

But, if not. in '^^f^'^^ipd'^^^oi^'^^^^^^- 
from P let fall Pd ^ to^Q^*«^ 

Through G draw ^if « to CP. 

. /^/?i<4 A. PC and also X GG ; 

. C/'is X to plane i'o^y. v *- 

^^.;t;CP..-.i^^isxto plane PCQ.CProp.7) 

*^^^;„^^ andPQisalsoxto QG; 
18 X to ^^, ana -^"-i ™ 6) 

S^ \ ^. />Q is X to plane -4-B. V^ f 
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Proposition IX 

There cannot he drawn more than one straight line per- 
pendicular to a plane from a given point without it. 




'A 



For, if possible, let PQ^ PR be each of them x to the 
plane AB. 

Join QR. 

Then' PQP, PRQ are each of them right angles ; 

which is impossible. (i. 13) 
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Proposition X. 

// is always possible to draw a straight line perpendicular 
to a plane from a given point within it. 




For let AB be a given plane, and C a point within it, 
and let it be required to draw from C a straight line J. to 
the plane AB. 



From any point P without. the plane let PQ be drawn 
J. to the plane. 

Through C draw CF || to PQ, 

Then shall C^Pbe j. to the plane AB. 



For if two straight lines are i| and one of them is ± to 
a plane, the other is also x to the same plane. (Prop. 7) 
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Proposition XI. 

T}iere cannot be drawn more than one straight line per- 
pendicidar to a plane from a given point within it. 




For, if it be possible, from a point C within the plane 
ABy let two straight lines CF^ CG be drawn x to the plane 
ABy and let the plane through CF^ CG cut the plane AB 
inXY. 

Then zs FCYy GCY sue each right zs, and are .'. 
equal to one another; which is impossible. 



PARALLEL LINES 
(not all situated in the same plane). 



Proposition XII. 

Two straight lines which are each of them parallel to the 
same straight line, which is not in the same plane ivith them, 
are parallel to one another'. 

G 




Let AjB, CFhe each of them || to jPQ 

(AjB, CF, FQ not being all in the same plane). 

Then shall AB be ii to CF 



In FQ take any point JT, 

and in the plane in which are AB, FQ draw XG x to 
FQ ; also in the plane in which are CF, FQ draw XHx to 
FQ. 

Then since FQ is x to XG and XHi 

.\ FQ'i^^to the plane GXH, (Prop. 6) 

but AB is II to FQ, .-. AB is x to the plane GXH. 

(Prop. 7) 

Similarly C^isxto the plane GXH] 

,-. ^^ is II to CF. (Prop. 7) 



PARALLEL PLANES. 



Definition. 
Planes which never meet, however far they are produced 
in any direction, are called parallel planes. 

Proposition XIII. 
Planes to which the same straight line is perpendicular 
are parallel to one another. 

Y 




Let the straight line AB bexto each of the planes 

Then shall CT^be || GH. 



For if not, if possible, let the planes CF^ GH be pro- 
duced to meet in YX, 

In YX take any point Z\ join AZ^ BZ, 
Then \' AB is i. to the plane CF^ ,\ i BAZ is a 

right I ] 

so I ABZ is a right l . 

Hence in a ABZ two of the z s are right l s ; 

which is impossible ; (i. 13) 

,'. planes CF^ GI£\f\\\ never meet however far they are 

produced ; 

.\ CF, C^ are parallel. 
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Proposition XIV. 



If two paralld planes are cut by another plaiu, their 
sections with it are parallel. 



Let the two parallel planes AB, CF be cut by the 
plane HK. 

Then shall their common sections GH, KL be parallel. 



For if not, if possible, let them meet when produced 
inX 

Then since GH is in plane AB, .: -X" is in plane 

AB; (Prop. I ) 

so X is in plane CF; 

.'. planes AB, C^will meet if produced; 

which is impossible, since they are parallel ; 

.*. C^ ^Z will not meet if produced; 

.-. Clf, KL are parallel. 
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Deduction (A). 
If two straight lines meeting one another be parallel to two 
others thai meet one another, and are not in the same plane 
"tilth the first taw, the first two and the other two shall contain 
equal angles, also the plane through the first 4wo shall be 
parallel to the plane through the other two. 



-=^ 




Let AB, BC two straight lines meeting one another 

be II to FG, GH, meeting one another, the latter two 

straight hnes not being in the same plane with the former. 

Then shall -; ABC be = i FGH, 

and the plane ^^Cbe || to plane FGH. 

CMtoiiGF^BA3.nAGIl=£C;\Q{nAC,FH,AF,CH,BG. 



Then-.-C/"is = and II to^^ff, .-.-^-Fis^and || to ^G, 

(I. 23) 

so also is CH - and || to BG; (i. 23) 

.*. ^^is = and 11 to CH; {Prop. 12) 

.'. CA is - and n to HF. (i. 23) 

Then •.• AB,BC, CA are respectively = i^, GH,HF; 

.: lABC= l FGH. (i. 5) 

Also plane ABC shall be i| to plane FGH; for if not, 
if possible, let them meet when produced, then their common 
section will be a straight line. (Prop. 5) 

Since.<4-ff,^Ccannot both be || to the common section 
one of them will meet it if produced. 

Let AB produced meet it in X. 

Thus X is in the plane containing the parallels AB, FG 
and also in the plane FGH; and is .'. in their common 
section of which FG is a part. 

Hence AB, FG meet if produced ; which is impossible. 
.'. plane ABC is || to plane FGH. 

c. c. 15 



226 
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Deduction (B), 

If two straight lines be cut by parallel f lanes , they shall 
be cut proportionally. 




Let the two straight lines AC, FH be cut by the 
parallel planes Xy Y^ Z vtx A, By C and F, G, If respect- 
ively. 

Then AB : BC as FG : GH. 



Join -^ZT cutting the plane yin the point I^. 
Join AF, CHy BRy EG. 



Then *.• the parallel planes Y, Z are cut by the plane 

ACHy 

,'. their common sections BRy CUsne \\ to one another; 

(Prop. 14) 
.-. AB : BC as AF : FH, (vi. i) 

Similarly it may be shewn that 

FG : GH as AR : RH\ 
.-. AB : BC as FG : GH. (v. 3) 



PLANES PERPENDICULAR TO PLANES. 



One plane is said to be perpendicular to another 
plane when every straight line drawn in one of the planes 
perpendicular to the common section of the two planes 
is perpendicular to the other plane. 

Proposition XV. 
If a straight line be perpendicular to a plane, every plane 
whUh passes through it shall be perpendicular to that plane. 



1/"- .i 

Let AB be a straight line x to the plane HKLM, 
and CFG a plane passing through AB. 
Then shall CFG be x to the plane HKL. 



In the common section FG take any point X, and 
through X in the plane CFG draw XYx to FG. 



Then ■.• AB is x to plane HKL, .-. AB is LtoFG; 
.-. i^^Xtsarighti; 
also L YXB is a right l \ (constr.) 

.-. KYis II to^^; (r. 20) 

but AB isxto plane HKL, (Isyp-) 

.-. yA'isxtoplane^^Zj {Prop. 7) 

.-. the plane CFG isxto the plane HKL. (Def.) 
IS— 2 
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Proposition XVI. 

If two planes which cut one another be each of them 
perpendicular to a third plane, their common section shall be 
perpendicular to the same plane. 




Let the two planes ANB, CNF which cut one another 
be each ± to the plane PQ.- 

Then shall their common section iiVbe-ito the plane 

PQ.- 

For, if not, if possible, in plane ANB draw NXx. to NB, 
and .-. xto the plane PQ, and in the plane CiVif draw TVK 
X to NF, and . ■. i. to plane PQ, 

.-. from the point N two straight lines have been drawn 
xto the plane PQ; which is impossible; (Prop, 1 1) 

.-. i'A^is xto plane /"G- 



SOLID ANGLES. 



A solid aog^le is that which is made by the meeting in 
one point of two or more plane angles, which are not in 
the same plane. 

Proposition XVII, 

If a solid angle be contained by three plane angles any tnm 
of them are tog^ker greater than the third. 




Let the solid angle at A be contained by the three 
plane angles BAF, FAC, CAB. 

Then shall any two of them BAF, FAC be together 
greater than the third CAB. 

If either of the two angles _ff^^,A4(7 be -or >i CAB, 
the proposition is evidently true. 

But, if not, from l CAB cut off l BAN~ l BAF; 

make AN= AF; through N draw BNC meeting AB, 
-4C inland C; join ^^ and CF. 

Then '.-BAjAFiLnd i. BAFare respectively = B A, A JV 
and i BAJ^, 

.■.BF=BN. (I. i) 

Again •.■ BF, FC ase together =■ ^Cand ^^is = BN\ 
.-.FCis^I^C. 
Also AF, AC are respectively = AI^, AC; 

.: lFAC\%^lNAC; (i. 19) 

.-. i s BAF, FAC are together > i s BAN, NAC, 
i.c.>i CAB. 



SOUD ANGLES. 



Proposition XVIII. 



The plane angles which contain any solid angle are together 
less than four right angles, 

A 



First let the solid angle at A be contained by three 
plane angles jBAF, FAC, CAB. 

Then shall these angles be together less than four 
right I 5. 

In AB, AC, AFi3kz any points B, C, F, 
and join BC, CF, FB. 



Then since the solid z at ^ is contained by three plane 
angles; 

.-, L s ABC, ABFzis together > i CBF. 

(Prop. 17) 
Similarly i s A CB, A CF axe together ^ t FCB, 

(Prop. 17) 
and z s AFC, AFB * l BFC; (Prop. 17) 
.-. is ABC, ABF, ACB, ACF, AFC, AFB sx^ to- 
gether > the z s of A BCF, i. e. the z s at the bases of the 
A s ABC, ACF, AFB are together > two right i. s. 

(I. 24) 

Now all the z s of the as ABC, A CF, AFB are = six 
right z s ; (l ^4) 

.-. the i s at the. vertex ^ are < four right i s. 
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Next, let the solid angle at A be contained by any 
number of plane angles. 




Let AB, AC, &c. be cut by a plane in the points 
B, C, F, &c. and join BC, CF, FG, &c 



Then z s ACB, ACFaxt together > i BCF, 

(Prop. 17) 

so i s AFC, AFG are together > i CFG: and so on. 

.-. all the z s at the bases of the a s ABC, ACF, &c. 
are together >■ the angles of the polygon BCF. 

Now all the zsof the as ABC,ACF,SiC. are = twice 
as many right z s as there are a s, (i. 24) 

and all the z s of the polygon BCF together with four 
right z s are equal to twice as many right z s as the figure 
has sides ; (r. 30) 

,-. all the z s of the a s ABC, ACF, &c are = the z s 
of the polygon together with four right z s; 

but the z s at the bases of the a s ABC, A CF, &c. are 
> the z s of the polygon ; 

.-. the z s at the vertex ^ are -: four right z s. 
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Definitions. 

One angle is called the complemoilt of another, when 
the two together make up a right angle. 

One angle is called the supplement of another, when 
the two together make up two right angles. 

AVhen two straight lines are drawn from a point, they 
form an angle less than two right angles^ and also an angle 
greater than two right angles. The latter is called a reflex 
angle» and together with the former makes up four right 
angles. 

When two sides of a polygon form a re-entrant angle, 
the reflex angle, not the smaller angle, is considered as one 
of the angles of the polygon. 

A scalene triangle is one contained by three unequal 
straight lines. 

An oblong has all its angles right angles, but has not 
all its sides equal. 

A rhombus has all its sides equal, but its angles are 
not right angles. 

A rhomboid has its opposite sides equal to each other, 
^ut all its sides are not equal nor its angles right angles. 
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A trapezoid is a four-sided figure which has two of 
its sides parallel, and the remaining two not parallel. 

N.B. This figure is sometimes' called a trapeziiun ; 
but Euclid calls all quadrilateral figures trapeziums which 
are not parallelograms. 

If a straight line AB be divided in P and Q so that 

AP : AB as PQ : QB, 

then AB is said to be divided harmonically. ' 

Figures whose areas are equal are said to be equivalent 
to one another. 

A tetrahedron is a solid contained by four planes. 

A polyhedron is a .solid contained by more tKan four 
planes. 

A dihedral angle is formed by the intersection of two 
planes. 



Plane Geometry, 

BOOK I. 

1. If on the same base and on the same side of it 
two isosceles triangles are drawn, the vertex of one triangle 
must fall within the other. 

2. If on the same base and on opposite sides of it 
two isosceles triangles are drawn, the straight line joining 
their vertices shall bisect the base. ' 
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3. Let the equal sides AB, ^C of an isosceles triangle 
be produced to 7% G making AF = AG : join JFQ BG 
intersecting in H^ then AH will bisect the angle BA C. 

4. Prove that in the previous figure the lines bisect- 
ing the z s at 7^ G will meet AH in the same point 

5. If the angles of one triangle are not severally equal 
to those of another, neither are their sides. equal. 

6. Divide a given angle into four equal angles. 

7. Describe a right-angled triangle whose hypothenuse 
shall be equal to one straight line, and one of its sides equal 
to another straight line. 

8. Draw a straight line through a given point cutting 
off equal parts from the arms of a given angle. 

9. Find a point in a straight line equidistant from two 
given points without it. 

10. Trisect a given right angle. 

1 1. Construct a triangle having given the base, one of 
the angles at the base, and the sum of the sides. 

12. Draw a straight line through a given point equally 
inclined to two given straight lines. 

13. Find a point in the base of a triangle equidistant 
from the two sides. 

14. Describe an isosceles a having each of the sides 
double the base. 

15. Describe an isosceles triangle having each of the 
sides three times the size of the base. 
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16. Find a point in a straight line at a given distance 
from a given point 

17. Tind a point in the circumference of a circle at a 
given distance from a given point 

18. The lines drawn from the angular points of a a 
through any point within it to the opposite sides are to- 
gether greater than the semi-perimeter of the a . 

19. The difference between any two sides of a triangle 
is less than the third side. 

20. Find the shortest path from a given point in one 
of two straight lines to the other, and then back again to 
the former straight line. 

21. Given the base and one of the sides of an isosceles 
triangle, construct it. 

22. Prove that the sum of the distances of any point 
from the three angles of a triangle is greater than half the 
perimeter. 

23. Determine the shortest path from one point to 
another subject to the condition that it shall meet a given 
straight line. 

24. Determine the shortest path from one point to 
another subject to the condition that it shall meet two given 
straight lines. 

25. The four sides of a quadrilateral figure are to- 
gether greater than the two diagonals. 

26. Prove that the straight lines drawn through the 
extremities of the base of an isosceles triangle equally 
inclined to it and terminated by the sides, are equal to one 
another. 



236 GEOMETRICAL EXERCISES. 

27. If Straight lines be drawn to the angular points of a 
triangle from a point within it, then of the three angles thus 
formed there cannot be more than one acute angle. 

28. Trisect a given straight line. 

29. Describe a triangle equiangular to a given triangle 
and having its perimeter equal to a given straight line. 

30. Find a point situated at a given distance from a 
given point, and also at a given distance from a given 
straight line. Is the problem always possible? 

31. Through two given points draw two straight lines 
forming with a given straight line an equilateral triangle. 

. 32. Through two given points draw two straight lines 
forming with a given straight line a triangle equiangular to 
a given triangle. 

33. Describe a rhombus having each of one pair of 
opposite angles double each of the other pair. 

34. If the two diameters of a parallelogram be drawn, 
it will be divided into four equal parts. 

35. If the opposite sides of a quadrilateral are equal, 
the figure is a parallelogram. 

36. If the opposite angles of a quadrilateral are equal, 
the figure is a parallelogram. 

37. If the diagonals of a quadrilateral bisect each 
other, the figure is a parallelogram. 

38. Draw lines through the angular points of a paral- 
lelogram which shall form another parallelogram double 
the former. 
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39. If equal triangles are described on the same 
base on opposite sides of it, the line joining their vertices 
is bisected by the base or base produced. 

40. AC^ BD are equal straight lines drawn from the 
extremities of the straight line ABy on opposite sides of it, 
such that the l s BAC, ABD are together equal to two 
right angles, prove that AB bisects the straight line 
joining CD, 

41. If any point P be taken within a parallelogram 
ABCD, then a ABP + a CDP « a BCP + a DAP. 

42. The perimeter of an isosceles triangle is less than 
that of any other equal triangle on the same base. 

43. If an angle of a parallelogram is bisected by a 
diagonal, then the opposite angle is also bisected by it. 

44. If one angle of a parallelogram is bisected by a 
diagonal, then all the angles are bisected by one or other 
of the diagonals. 

45. If an angle of a parallelogram is bisected by a 
diagonal, the figure is a rhombus. 

46. Any three angles of a convex pentagon with no re- 
entrant L s are together greater than the angles of a triangle. 

47. Any four angles of a convex hexagon with no re- 
entrant angles are together greater than the angles of a 
quadrilateral. 

48. Any angles of a convex rectilineal figure are to- 
gether greater than all the angles of a figure of which the 
number of sides is the same as the number of angles of 
the first figure taken (there being no re-entrant l s). 

49. A quadrilateral figure is divided into four equal 
triangles by straight lines drawn from a point within the 
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figure to the angular points ; prove that the figure is a 
parallelogram, 

50. Divide a parallelogram into four equal parts by 
straight lines drawn from a given point in one of its sides. 

51. ABDC is a parallelogram; /^ is a point without 
the angle BA C ; prove that a PAD = a PAB + aPAC. 

52. ABDC is a parallelogram; /^ is a point within 
the angle BAC\ prove that a PAD = the difference be- 
tween the A s FAB^ PA C. 

53. Two triangles having equal bases are together equal 
to a triangle having a base equal to that of either of the 
triangles, and altitude equal to the sum of their altitudes. 

54. If one diagonal of a quadrilateral figure bisect the 
other, it bisects the figure also. 

55. If a quadrilateral, two of whose sides are parallel, 
be bisected by each of two straight lines drawn from the 
extremities of the shortest of those parallel sides, then 
these bisectors bisect each other. 

56. If a quadrilateral figure be bisected by a straight 
line which also bisects its opposite sides, then those op- 
posite sides shall be parallel. 

57. The area of a rhombus is equal to half the rect- 
angle contained by the diagonals. 

58. Draw an isosceles triangle having each of the 
angles at the base half as large again as the vertical angle. 

59. Bisect a parallelogram by a straight line passing 
through a given point 
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60. Prove that the diagonals of a rhombus bisect one 
another at right angles. 

61. If the opposite angles of a rhombus are together 
equal to two right angles, the figure is a square. 

62. Bisect a triangle by a straight line drawn from a 
given point in one of its sides. 

63. Bisect a quadrilateral by a straight line through 
one of its angular points. 

64. Find a point in a straight line whose distance from 
another given point in that line shall be equal to its distance 
from another given straight line, 

65. Draw a straight line through a given point which 
shall make a given angle with a given straight line. Shew 
that there are two solutions if the given angle is either 
obtuse or acute. 

66. Describe a parallelogram equal in area and peri- 
meter to a given triangle. 

67. Describe a triangle equal to a given triangle and 
having two of its sides respectively equal to two given 
straight lines. When is the problem impossible? 

68. In the base of a triangle find a point from which 
lines drawn |i to the sides are equal. 

69. Given two sides of a triangle, find the third side 
so that the area of the triangle may be the greatest 
possible. 

70. Find a point in the side or side produced of a 
parallelogram, such that the angle which that side makes 
with the line joining the point with one extremity of the 
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opposite side may be bisected by the line joining the point 
and the other extremity. 

71. Inscribe an equilateral triangle in a square, having 
one of its angular points at one of the comers of the 
square. 

72. Inscribe an equilateral triangle in a square such 
that one of its angular points shall be at the middle point 
of one of the sides of the square. 

73. Through a given point within a given angle draw 
a straight line which shall be bisected at that point. 

74. The area of a quadrilateral figure whose base is 
parallel to the opposite side is half that of a parallelogram 
having the same altitude and base equal to the sum of 
the parallel sides of the given figure. 

75. If one angle of a triangle be equal to the other 
two together, the greatest side is double of the distance 
of its middle point from the opposite angle. 

76. If each of the equal angles of an isosceles triangle 
be one-fourth of the third angle, and from one of them 
a perpendicular be drawn to the base meeting the opposite 
side produced; then will the part produced, the perpen- 
dicular and the remaining side, form an equilateral triangle. 

77. Describe a rectangle equal to a given rectangle 
and having one of its sides equal to a given straight line. 

78. Prove that all the interior angles of an octagon 
are together double all the interior angles of a pentagon. 

79. If one quadrilateral figure be equiangular to 
another and have two adjacent sides equal to the corre- 
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spending sides of the other, the figure shall be equal in all 
respects. 

80. Two broken lines are composed of straight lines : 
also the lines and angles of one are respectively equal to 
the lines and angles of the other; the straight line joining 
the extremities of the one shall be equal to that joining the 
extremities pf the other. 

81. If all the sides and angles of one polygon be given 
equal to the corresponding sides and angles of another 
polygon with the exception of one angle and the sides 
containing it in each respectively, then shall these also be 
equal. 

2>2, If all the sides and angles of one polygon be 
given equal to the corresponding sides and angles of 
another polygon, with the exception of one side in each 
and the angles at the extremities of those sides, then shall 
the polygons be equal in all respects. 

83. Produce the sides of a given heptagon both ways 
till they meet forming seven triangles : required the sum 
of their vertical angles. 

84. The sides of a polygon are produced both ways 
till they meet ; find the sum of the vertical angles formed. 

85. Describe a square which shall be double of a 
given square. 

S6, Describe a square whose area shall be three times 
that of a given square. 

87. Describe two squares equal to a given square: 
one of them being three times that of the other. 

C. Q. 16 
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SS, Describe a square which shall have the arms of 
one of its angles falling upon the sides of a given right- 
angled triangle and the vertex of the opposite angle on the 
h3rpothenuse. 

89. Find a square equal to the diflference between two 
given squares. 

90. From AC the diagonal of a square ABCDy cut 
off AE equal to one-fourth of ACy and join BE^ DE, 
Shew that the figure BADE equals twice the square on 
AE. 

91. Squares are described on the three sides of aright- 
angled triangle, and the adjacent angular points of the 
squares joined ; prove that each of the triangles so formed 
equals the given triangle. 

92. Squares are described on the sides of a right- 
angled triangle, and the adjacent angular points of the 
squares joined. Prove that the area of the hexagon thus 
formed is equal to the square on the hypothenuse together 
with the square of a line equal to the sum of the other two 
sides. 

. 93. If the diagonals of a quadrilateral cut each other 
at right angles, prove that the squares described on two 
opposite sides will be equal to the squares on the other two 
sides. 

94. If ACB be any triangle, and CD be drawn x to 
AB^ prove that the diflference between the squares on 
AD^ DB is equal to the difference between the squares on 
AC, CB. 
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BOOK II. 

1. The sum of the perpendiculars let fall on the sides 
of an equilateral figure from any point within it is constant. 

2. Divide a straight line into two parts, so that the 
sum of their squares may be the least possible. 

3. . If a straight line be drawn from the vertex of an 
isosceles triangle to any point in the base, the square on 
this line together with the rectangle under the segments of 
the base equals the square of either of the other sides. 

4. Divide a straight line into two parts so that the 
rectangle contained by the whole and one of the parts 
may be equal to the rectangle contained by the other part 
and a given straight line. 

5. Divide a straight line into two parts so that the 
rectangle contained by the segments shall be the greatest 
possible. 

6. Divide a straight line into two parts so that the 
difference of the squares on the parts is equal to twice the 
rectangle contained by the parts. 

7. If from one of the equal angles of an isosceles 
triangle, a perpendicular be drawn to the opposite side, 
the rectangle contained by that side and the segment of 
it intercepted between the perpendicular and base is equal 
to half the square on the base. 

8. If ABC be an isosceles triangle, and jD£ be drawn 
parallel to the base BC and £B joined 1 prove that 

square on B£ = rect {BC, DE) + square on CE. 

16 — 2 
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9. Divide a straight line into two parts so that the 
squares on the whole line and on one of the parts shall be 
together equal to three times the square on the other part 

10. Prove that the squares on the diagonals of a 
trapezoid are together equal to the squares on its two' 
sides which are not parallel and twice the rectangle con- 
tained by the sides which are parallel. 

11. Divide a straight line into two parts so that the 
rectangle contained by them may be equal to a given 
rectangle. 

12. Describe a rectangle equal to a given square, and 
having its perimeter equal to a given straight line. 

• 

13. In any triangle ABC, if BF, CQ be drawn re- 
spectively perpendicular to CA and BA, produced if 
necessary; shew that 

square on BC = rect. {BAy ^0 +rect. {CA, dP). 

14. The squares on two sides of a triangle are together 
double of the squares on the straight line 4rawn from the 
vertex to the middle point of the base and on half the 
base. 

15. Given the lengths of the three lines drawn from 
the angles of a triangle to the points of bisection of the 
opposite sides, construct the triangle. 

16. Describe a rectangle equal to a given square, and 
also having the difference between its adjacent sides equal 
to a given straight line. 

17. If a perpendicular be let fall from the vertex of 
a triangle upon the base, then will the difference between 
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the squares on the sides be equal to the rectangle contained 
by the base and the difference between the segments of the 
base. 

18. The square on the hypothenuse of a right-angled 

triangle is <. the square on a straight line which is = the 
sum of its sides by twice the rect contained by those sides. 
Hence deduce the theorem of Pythagoras, 

19. The square on the hypothenuse of aright-angled 
triangle is =■ the square on a straight line which is = the 
difference of its sides by twice the rectai^le contained by 
those sides. 

20. The square on the sum of the sides of a right- 
angled triangle together with the square on their difference 
is double of the square on the hypothenuse. 

N.B. Exercises (18), (ig), (20) may be easily esta- 
blished by means of the accompanying figure. 



21. In the straight line RQ^ take any pomt S: bisect 
SQ in T, and produce QR making RP= QR. Prove that 

recL PT, RS^% rect RQ, QT=z sq. on 7?^ -i- 2 sq. 
onC^ ■ 

32. The squares on the lines drawn from any given 
point to the extremities of one diagonal of a rectangle are 
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together equal to the squares on the lines drawn to the 
extremities of the other diagonal 

23. The base of a triangle is fixed, and the. sum of the 
squares on the sides is constant ; determine the locus of the 
vertex. 

24. In every parallelogram the squares on the sides 
are together equal to the squares on the diagonals. 

25. What triangles are those whose sides are 

(13, 4, 12) (13, s, 12) (13, 6, 12) (13, 6, 7) (13, 6, 6)? 

26. What triangles are those whose sides are 

(12, TO, 8) (10, 8, 6) (8, 6, 4) (6, 4, 2)? 

27. Produce a straight line -so that the rectangle con- 
tained by the whole line and the part produced shall be 
equal to the square on the given straight line. 

28. Produce a straight line so that the rectangle con- 
tained by the given line and the part produced may be 
equal to a given triangle. 

29. Draw two squares equal to a given square : one of 
them being double of the other. 

30. Draw a square which shall be equal to two given 
triangles together. 

31. The perimeter of an equilateral triangle is greater 
than that of an equal square. 

32. Produce a given straight line so that the square on 
the whole line thus produced may be double the square on 
the part produced. 

33. Of all equal rectangles the square has the least 
perimeter. 
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BOOK III. 

1. Divide a circle into three equal parts. 

2. Through a given point within a circle draw the least 
possible chord. 

3. Through a given point within a circle draw a chord 
which shall be bisected in that point. 

4. Bisect a circle by a straight line drawn through a 
given point without it. 

5. If two chords be drawn in a circle through any 
point in a diameter equally inclined to it, they shall be 
equal to one another. 

6. A chord FQ of a circle is cut by any diameter AB-, 
prove that the difference between the areas of the triangles 
FAQ, FBQis constant 

7. If from a point within a circle two straight lines 
are drawn to the circumference equal to one another, the 
centre lies in the straight line bisecting the angle between 
them. 

8. If from a point without a circle two straight lines 
are drawn to the circumference equal to one another, the 
centre lies in the straight line bisecting the angle between 
them. 

9. Describe a circle passing through two given points 
and bisecting the circumference of a given circle. 

10. Draw a tangent to a circle parallel to a given 
straight line. 



248 GEOMETRICAL EXERCISES, 

11. Draw a straight line touching a given circle and 
making a given angle with a given straight line. 

12. ABC is a triangle, having an acute angle at A ; 
shew that the square on BC is < the squares on BA^ AC 
by twice the square on a line drawn from A to touch the 
circle described on BC as diameter. 

13. !Flnd a point such that the tangents drawn from 
it to two given circles may contain a given angle. 

14. Find a point from which if straight lines be drawn 
to touch three given circles, neither of which lies within the 
other, the tangents so drawn shall be equal. 

15. Find the locus of points from which the tangents 
drawn to two given circles are equal. 

16. Describe a circle passing through one of the 
angular points of a square, and touching the sides contain- 
ing the opposite angle. 

17. Through a given point draw a straight line cutting 
a given circle so that the intercepted chord shall be equal 
to a given straight line. 

18. Find the locus of the centre of a circle which 
touches two intersecting straight lines. 

19. Find the locus of the centre of a circle which 
touches two parallel straight lines. 

20. Describe about a circle the least possible paral- 
lelogram. 

21. Inscribe in a circle the greatest possible rectangle. 

22. On the base of a segment of a circle, describe the 
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greatest possible triangle having its vertex in the circum- 
ference. 

23. Find a point such that the tangents drawn from it 
to two given circles shall be equal to two given straight 
lines. 

24. In a given circle draw a diameter at a given 
distance from a given point. State the limits of the 
problem. 

25. If two straight lines touch a circle, the Straight 
line bisecting the angle between them shall pass tlirough 
the centre. 

26. Describe a circle equal to a given circle, and 
touching two given straight lines. Is this problem always 
possible? 

27. A circle touches two sides AB^ AC oi z. triangle 
in F and E. Also BC \^ equal to BF and CE together : 
prove that BC touches the circle. 

28. If a tangent be drawn to a circle from any point 
in the circumference equal to the radius, prove that the 
line joining its extremity with the centre is equal to the 
parallel chord drawn through the point of contact. 

29. If two circles touch each other externally, describe 
a circle which shall touch one of them in a given point, 
and also touch the other. In what case does this become 
impossible ? 

30. Let one circle touch another internally, and let 
straight lines touch the inner circle and be terminated by 
the outer; shew that the greatest of these lines is the one 
parallel to the common tangent at the point of contact 
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31. If two circles touch each other externally and any 
third circle touch both, prove that the difference of the 
distance of the centre of the third circle from the centres of 
the other two is constant. 

32. Describe a circle passing through a given point 
and touching a given circle in a given point 

33. Describe a circle passing through two given points 
and touching a given circle. 

34. Describe a circle touching a given straight line 
in a given point, and also a given circle. 

35. If three circles touch each other externally, prove 
that the tangents at their points of contact pass through 
one point 

36. Draw lines from two given points which shall 
meet in a given straight line and contain a right angle. 
Within what limits is the problem possible ? 

37. In a given segment inscribe a similar segment 

38. Divide a circle into two segments such that the 
angle in one of them shall be double of the angle in the 
other. 

39. Divide a circle into two segments such that the 
angle in one of them shall be three times the angle in the 
other. 

40. Divide a circle into two segments such that the 
angle in one of them shall be five times that in the other. 

41. Given the centre of a circle : describe a second 
circle whose radius shall be equal to the diameter of the 
first by means of the compasses alone. 
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42. Of all triangles on the same base and having their 
vertical angles equal to a given angle, find that which has 
the greatest area. 

43. Parallel chords in a circle intercept equal arcs. 

44. The straight lines joining the extremities of equal 
arcs in a circle will form a quadrilateral, two of whose 
opposite sides are parallel, the other two being equal, and 
its diagonals equal. 

45. If a circle be described passing through the 
opposite angles of a parallelogram and cutting the four 
sides, and the points of intersection joined so as to form 
a hexagon, the straight lines thus drawn shall be parallel. 

46. If two chords of a circle intersect at right angles, 
the opposite segments are together equal to a semicircle. 

47. If two equal chords of a circle intersect at right 
angles, two of the segments are quadrants. 

48. The diameter of a circle cuts a chord at an angle 
equal to half a right angle. Prove that the sum of the 
squares of the segments of the chord is equal to half the 
square on the diameter. 

49. If the circumference of one circle passes through 
the centre of another, the lines joining the points of inter- 
section to any point in the aforesaid circumference shall be 
equally inclined to the straight line joining that point and 
the aforesaid centre. 

50. If the circumference of one circle passes through 
the centre of another, any two chords of the second drawn 
from the points of intersection so as to cut one another 
in the aforesaid circumference shall be equal. 
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51. If from any point in the arc of a sector perpen- 
diculars be let fall on the bounding radii, the distance 
between their feet will be constant 

52. If on two straight lines containing an angle, seg- 
ments of circles be described containing angles equal to it, 
and falling without it, the lines produced will touch the 
segments. 

53. From a given point without a circle, a straight line 
is drawn cutting the circle. Draw from the same point 
another line so as to intercept two arcs which together shall 
subtend at the centre an angle equal to a given angle. 

54. If a circle be described about a triangle ABC, and 
perpendiculars be let fall from A, B, C on the opposite 
sides and produced to meet the circle in Z?, E, F, then will 
the arcs EFy FD, DE be bisected in A, B, C. 

55. Given the vertical angle of a triangle, the sum 
of its arms, and also the difference of its arms; construct 
the triangle. 

56. Find a point within a triangle such that, if straight 
lines be drawn from it to the three angles of a triangle, 
they shall make equal angles with one another. Is this 
problem always possible ? 

57. If two straight lines cut at right angles in a circle, 
the squares on the four segments are together equal to the 
square on the diameter. 

58. If from two given points in the diameter of a 
circle, equidistant from the centre, straight lines be drawn 
to any point in the circumference the sum of their squares 
is constant 
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59. If from any point without a circle lines be drawn 
cutting the circle and making equal angles with the longest 
line, they will cut off equal segments. 

60. If from the angles of an equilateral triangle, in^ 
scribed in a circle, straight lines are drawn to any point 
in the circumference, then shall the two shorter lines thus 
drawn be equal to the longer one. 

61. If any point be taken in the arc of a segment of 
a circle, cut off by one of the sides of an equilateral triangle 
inscribed in the circle, and straight lines drawn from it 
to the extremities of the base of the segment, then the 
sum of the squares on them together with the rectangle 
contained by them, shall be constant 

62. If from the angles of an equilateral triangle in- 
scribed in a circle, straight lines are drawn to any point 
in the circumference, then shall the sum of the squares 
described upon them be constant. 

63. The locus of the point, the sum of the squares 
of whose distances from the angular points of a given 
equilateral triangle is equal to twice the square on one 
of the sides, is the circumscribed circle. 

64. Through a given point situated between two lines 
inclined at a given angle, to draw a line, having its ex- 
tremities terminated in these lines such that the rectangle 
contained by the parts may be the least possible. 

65. Draw lines from two given points meeting in a 
given straight line, and containing the greatest possible 
angle. 

66. AB is the diameter of a circle, MN a chord 
parallel to ABy in AB take any point /*, join PM^ PN^ 
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and prove that the squares on /W, FN are together equal 
to the squares on AF^ FB, 

67. AB is the diameter of a circle, and tangents are 
drawn at the extremities Ay B meeting a tangent at any 
point in D^ F^ prove that the angle subtended by FD 
at the centre is a right angle. 

68. From a given point without a circle draw a 
straight line cutting the circle such that the intercepted 
chord shall be equal to the part without the circle. 

69. Find the locus of the middle point of a rod Which 
is moved so as always to have its extremities in the arms of 
a given right angle. 

70. Describe an isosceles triangle having the angle at 
the vertex four times as large as each of the angles at the 
base. 

71. Describe an isosceles triangle having the angle 
at the vertex treble each of the angles at the base. 

72. Describe a right-angled triangle having one of the 
acute angles one-fourth of the other. 

73. Describe a right-angled triangle having one of the 
acute angles half as large again as the other. 

74. Describe a triangle having one of its angles half 
of another and treble the remaining angle. 



BOOK IV. 

I. Describe a circle touching one side of a triangle, 
and the other two sides produced. 
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2. On a given straight line describe a regular hexagon. 

3. Find a point which is equally distant from three 
given points. Is this problem always possible ? 

4. Inscribe a circle in a rhombus. 

Can a circle be described about a rhombus ? 

5. Describe a parallelogram about a circle, having an 
angle equal to a given angle. 

6. If a parallelogram be described about a circle, it 
will be equilateraL 

7. Determine the condition that the straight line 
joining the centres of the circles inscribed in, and described 
about a given triangle, may pass through one of the angular 
points of the triangle. 

8. What relation exists between the sides of a triangle 
when the centres of the circles inscribed in and described 
about the triangle coincide ? 

9. Describe a regular hexagon having its angular 
points in the sides of a given equilateral triangle. 

10. If the chords which bisect two angles of a triangle 
inscribed in a circle be equal, prove that either the angles 
are equal or else the third angle is equal to the angle of an 
equilateral triangle. 

11. If one square be inscribed in another, the dif- 
ference between their areas is equal to twice the rectangle 
contained by the segments of any one of the sides of the 
larger square. 
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12. If one square be inscribed in another, the area 
of the smaller square is equal to the squares on the seg- 
ments of a side of the larger square 




13. Apply the previous deduction to shew how the 
square described on the hypothenuse of a right-angled 
triangle may be divided into parts which, when properly 
arranged, will form the squares on the sides containing the 
right angle. 

14. If a quadrilateral figure be circumscribed about a 
circle, then two of its opposite sides are together equal to 
the other two. 

15. If two of the opposite. sides of a quadrilateral 
figure are equal to the other two, then a circle can be 
inscribed within it 

16. If a quadrilateral figure be circumscribed about a 
circle, then will the angles subtended at the centre by two 
of its opposite sides be together equal to two right angles. 

17. Three circles touch each other externally, prove 
that their centres are the angular points of the triangle 
described about the circle which passes through the points 
of contact. 

18. The circles each of which touches two sides of a 
regular pentagon at the extremity of a third meet in a 
point. 



GEOMETRICAL EXERCISES. 2$/ 

19. If two diagonals of a regular pentagon be drawn 
cutting one another, the greater segments will each be 
equal to a side of the pentagon. 

20. An equilateral figure inscribed in a circle is also 
equiangular. 

21. An equiangular figure is inscribed in a circle: 
prove that the alternate sides are equal. 

22. An equiangular figure having an odd number of 
sides is inscribed in a circle : prove that it is equilateral. 

23. On the base of a triangle describe an isosceles 
triangle whose vertical angle shall be double that of the 
given triangle. Is this problem always possible ? 

24. Describe a circle passing through one of the 
angular points of a rhombus, and touching the sides con- 
taining the opposite angle. 

BOOK VI. 

1. Through a given point draw a straight line which 
shall be divided in a given ratio by two given straight 
lines. 

2. If perpendiculars be let fall from the extremities 
of one straight line upon another, prove that their feet are 
equidistant from the middle point of the former straight 
line. 

3. Divide a straight line into two parts such that one 
of them shall be four times as long as the other. 

4. Given the perimeter and the vertical angle of an 
isosceles triangle, construct it* 

C. G. 17 
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5. From two straight lines cut oflf two parts having 
a given ratio, so that the sum of the squares of the re- 
mainders may be equal to a given square. 

6. If from any point in the circumference of the ex- 
terior of two concentric circles, two straight lines be drawn 
touching the interior and cutting the exterior, the distance 
between the points of contact will be half that between the 
points of intersection. 

7. PQRS is a square, PR its diagonal; bisect PS in 
r, and join QT cutting PR in K, then RK= twice PK-, 
and t.PTK\ aRTK : aPQTi aQRK as 1:2:3:4. 

8. ABC, ADE are two isosceles triangles having a 
common angle at A. Through B, E draw BG, EF || to 
one another ; join DGy CF, Then shall DO be || to CF, 

9. If RPS, RQS are two triangles on RS such that 

RP : PS as RQ : QS, 
then the lines bisecting the angles at P, Q intersect RS in 
the same point 

10. A point is taken in one of the sides of a triangle, 
and through it a line is drawn u to another side meeting 
the third side, and through the point of intersection another 
line 11 to the first side, and so on ; shew that at the end 
of the second revolution the line will pass through the 
original point 

11. If points D, E be taken in the sides BC, CA of a 
triangle, such that BJD : DC as BA : AE, and DG be 
drawn |i to CA meeting BE in G -, prove that AG will 
bisect the angle BA C, 

12. JD v& 2L point in the side AB of the obtuse-angled 
triangle ABC having the obtuse angle at A, such that 
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CD h a fourth proportional to the sides AB, BC, CA; 
prove that the triangles ABC, ADC are similar. 

13. Describe a circle which shall touch two given 
straight lines and pass through a given point 

14. To inscribe a square in a given sector of a circle. 

15. Given the difference between the diagonal and 
side of a square ; construct the square. 

16. Find a point D in the base BC of a. triangle ABC 
such that AD may be a mean proportional between AB 
and AC. 

17. Describe a rhombus equal and equiangular to a 
given parallelogram. 

18. Of all equal and equiangular parallelograms shew 
that the rhombus has the least perimeter. 

19. Produce a straight line which is divided into two 
parts to a point such that the whole line shall be divided 
harmonically. 

20. , Divide a given straight line harmonically. 

21. Of all equal rhombuses the square has the least 
perimeter. 

22. Of all equal quadrilateral figures the square has 
the least perimeter. 

23. If two circles touch each other, and also touch a 
given straight line, the part of the tangent between the 
points of contact is a mean proportional between the 
diameters of the circles. 

24. In any right-angled triangle one side is to the 
other as the excess of the hypothenuse above the second 
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is to the line cut off from the first between the right angle 
and the line bisecting the opposite angle. 

25. Describe a square which shall bear to another a 
given ratio. 

26. In a regular pentagon inscribe a square. 

27. Upon a given base describe a triangle having a 
given vertical angle and one of its sides double of the 
other. 

28. Inscribe in a segment of *a circle a rectangle one 
of whose sides is treble each of the adjacent sides. 

29. Divide a triangle into four equal and similar 
triangles. 

30. Describe a triangle similar to a given triangle 
and having its perimeter equal to a given straight line. 

31. The semicircle described on the hypothenuse of 
a right-angled triangle is equal to the sum of the semicircles 
described upon the sides. 

32. If a straight line be divided into any two parts, 
and similar figures be described on the whole line and 
on the parts, then will the perimeter of the former figure 
be equal to the sum of the perimeters of the latter figures. 

33. Two similar rectilineal figures being given, describe 
another whose perimeter shall be equal to the sum of the 
perimeters of the two given figures. 

34. Two similar rectilineal figures being given, describe 
another whose perimeter shall be equal to the difference of 
the perimeters of the two given figures. 
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35. ABCD is a quadrilateral inscribed in a circle; 
its diagonals intersect in Xx prove that 

aABX : t^DCXas sq. on BX : sq. on CX, 

36. If two diagonals of a pentagon be drawn to cut 
one another, they will each be divided in extreme and 
mean ratio. 

37. AjPB is a quadrant, of which C is the centre, 
SPT a straight line touching the arc at B meeting CB, 
CA produced in S, T, and BM is perpendicular to CA ; 
prove that 

aSCT : aACB as aACB : a CMB. 

38. From a given point in the side of a triangle to 
draw straight lines which shall divide the triangle into 
a given number of equal parts. 

39. If lines be drawn from a given point in the cir- 
cumference of a circle, such that the rectangle between the 
whole lines and the parts of them within the circle is 
constant, the locus of their extremities will be a straight 
line. 

40. Given the base, the ratio of the sides containing 
the vertical angle, and the distance of the vertex from a 
given point in the base, to construct the triangle. 

41. Two similar figures being given, describe a similar 
figure equal to their sum. 

42. Two similar figures being given, describe a similar 
figure equal to their difference. 

43. Describe a figure similar to a given figure, and 
bearing to it a given ratio. 

17—3 
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44. Describe a regular hexagon equal to a given 
square. 

45. Describe a regular hexagon equal to a regular 
pentagon. 

46. Describe a square which shall have the same ratio 
to a given square which one given straight line has to 
another. 

47. Describe a circle equal to the sum of two given 
circles. 

48. Describe a circle equal to the difference of two 
given circles. 

49. Describe a circle equal to a given quadrant. 

50. Describe a circle equal to a given semicircle. 

51. If circles be described on the sides of an acute- 
angled triangle as diameters, any two of them will be to- 
gether greater than the third. 

52. Bisect a circle by a concentric circle. 

53. Divide a circle into any given number of equal 
parts by means of concentric circles. 

54. If PS the diameter of a circle be trisected in Q^ R^ 
and semicircles be described on PQ^ PR on one side of 
PS^ and on QS^ RS on the other side of PS^ then will the 
circle be divided into three equal parts having equal 
perimeters. 

55. Divide a circle into any number of equal parts 
having equal perimeters. 
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56. If on the bounding radii of a quadrant semi- 
circles be described intersecting one another, then will 
the area common to the two semicircles be equal to the 
area intercepted between them and the arc of the quadrant; 
also the two remaining portions of the semicircles will each 
be equal to the square on the radius of one of the semi- 
circles. 

57. The area of a quadrant is half that of the circle 
described on its chord ; also of the three parts of the circle 
without the quadrant, the crescent will be equal to the 
triangular portion of the sector, and the two segments of 
circles will be together equal to the remaining portion of 
the sector. 

58. The angles of equal sectors are inversely as the 
squares on their radii. 
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1. Trisect a cube. 

2. AB is drawn i to the plane of the right angle 
BCD) prove that CD is x to the plane of the angle ABC 

3. If three straight lines are at right angles to one 
another, then is each straight line x to the plane passing 
through the other two. 

4. A perpendicular is drawn from the vertex of a 
regular tetrahedron on the opposite face, and from its foot 
a perpendicular is drawn to any one of the other faces ; 
prove that the former line is three times the latter. 

5. Find the locus of a point in a plane which is always 
situated at a given distance from a given point out of that 
plane. 
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6. Detennine the longest and shortest lines which can 
be drawn to the circumference of a circle from a given 
point out of the plane of the circle. 

7. From the point of intersection of a straight line 
with a plane draw a straight line in the g^ven plane making 
the least possible angle with the given straight line. (This 
angle is the inclination of the given straight line to the 
plane.) 

8. Determine a plane through a given point .perpen- 
dicular to a given straight line. 

9. If the arms of one angle be ll to the arms of another 
angle, and the straight line joining their vertices is J. to 
each of the arms of one angle, then shall it also be x to each 
of the arms of the other angle. 

10. If two parallel straight lines meet a given plane, 
they shall be inclined to it at the same angle. 

11. If from a point A above a plane straight lines 
AB, AC he drawn meeting it in B and C of which AB is 
perpendicular to the plane, and AC perpenc^cular to a 
straight line jDC in that plane, and CB joined ; CB shall 
be perpendicular to I?C. 

12. If three straight lines are mutually ± to one 
another, then are the planes passing through them ± to one 
another. 

13. • Draw a straight line x to each of two straight lines 
not in the same plane. 

14. Find the shortest path between two straight lines 
not in the same plane. 

15. In any parallelepiped the sum of the squares on 
the four diagonals is equal to the sum of the squares on 
the edges. 
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1 6. Find the locus of a point equidistant from three 
given points. 

17. AjBy jBC 2Lre = and || to !?£, EF respectively, 
but are not in the same plane with them ; prove that 

AD is = and |l to CF. 

18. If two straight lines intersecting one another be 
respectively perpendicular to two planes intersecting one 
another, then will the common section of these planes be 
perpendicular to the plane through the given straight lines. 

19. If the opposite edges of a tetrahedron be equal 
two and two, prove that the faces are acute-angled triangles. 

20. Prove that a tetrahedron can be formed having 
each of its faces equal in all respects to a given acute- 
angled triangle. 

21. Within the area of a given triangle is described a 
triangle, the sides of which are parallel to those of the' 
given one. Prove that the sum of the angles subtended 
by the sides of the interior triangle at any point not in the 
plane of the triangles is less than the sum of the angles 
subtended at the same point by the sides of the exterior 
triangle. 

22. The three angles at the vertex of a tetrahedron 
are together less than the angles subtended by the opposite 
edges at any point within the solid. 

23. The locus of a straight line which is always n to 
a given straight line and passes through another given 
straight line is a plane, 

24. The locus of a straight line which is always J. to 
a given plane and passes through a given straight line in 
that plane is a plane. 
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adopted by Aristotle in his peculiar system. The evidence upon obscure 
or doubtful questions connected with the subject is examined; and 
the relations which Rhetoric bears^ in Aristotlis view^ to the kindred art 
of Logic are considered, A connected Analysis of the treatise is gvven^ 
sometimes in the form of paraphrase ; and a few important matters are 
separately discussed in Appendices. There is added ^ as a general Appendix ^ 
by way of specimen of the antagonistic system of Isocrates and others^ a 
complete analysis of the treatise called 'pTjroptx') ""P^^ 'AXt^ayBpoif, with a 
discussion of its authorship and of the probable results of its teaching. 

ARISTOTLE ON FALLACIES; OR, THE SOPHISTICI 

ELENCHI. With a Translation and Notes by Edward Poste, 

M.A., Fellow of Oriel College, Oxford. 8vo. %s, 6d. 

Besides the doctrine of Fallacies, Aristotle offers, either in this treatise 

or in other passages of his works quoted in the cofumentary, various 

glances over the world of science and opinion, various suggestions or 

problems which are still agitated, and a viiHd picture of the ancient system 

of dialectics. ** It is not only scholarlike and careful, it is also 

perspicuous.^* — GUARDIAN. "// is indeed a work of great skill." — 

Saturday Review. 

Blackie.— GREEK AND ENGLISH DIALOGUES FOR USE 
IN SCHOOLS AND COLLEGES. By John Stuart Blackie, 
Professor of Greek in the University of Edinburgh. Fcap. 8vo. 
2s. 6d. 

** Why should the old practice of conversing in Latin and Greek be 
altogether discarded f " — Professor JowErr. 

Professor Blackie has been in the habit, as part of the regular 
training of his class in Edinburgh University, of accustoming the students 
to converse in Greek, This method he has found io be eminently 
successful as a means of furnishing the students with a copious vocabulary, 
training them to use it promptly, confidently, and with correct articulation, 
and instilling into them an accurate and intelligent knowledge of Greek 
Grammar, which he hopes may aid other teachers in realizing the same 
ends. The present little volume furnishes a series of twenty-five gradu' 
ated dialogues in parallel columns of Greek and English on a great variety 
of interesting subjects. The author has had the advantage of submitting 
his work to thejudg^nent of several scholars of repute, both English and 
Scotch. The Globe says: ^* Professor Blackiis system is sensible ; his 
bpok is likely to be useful to teachers of Greek ; and his sttggestions 

^luahle to the learners of any language.^* 
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Cicero.— THE SECOND PHILIPPIC ORATION. With an 
Introduction and Notes, translated from the German of Karl 
Halm. Edited, with Corrections and Additions, by John £. B. 
Mayor, M.A., Fellow and Classical Lecturer of St. John's 
College, Cambridge. Fourth Edition, revised. Fcap. 8vo. $s. 
T7iis volume opens with a List of Books useful to the Student of Cicero ^ 
and some account of various editions^ mostly German, of the works of 
Cicero, The Introduction is based on Halm. The English editor has 
further illustrated the work by additions drawn, for the most part, 
(l) from the ancient authorities ; (2) from his own private marginal 
references, and from collections; {"^ from the notes of previous com- 
mentators. A copious ^argument* is also given, ** On the whole we 
have rarely met with an edition of a classical author which so thoroughly 
fulfils the requirements of a good school-book.** — EDUCATIONAL TiMES. 
** A valuable edition" says the Athenaeum. 

THE ORATIONS OF CICERO AGAINST CATILINA. With 
Notes and an Introduction. Translated from the German of Karl 
Halm, with many additions by A. S. Wilkins, M.A. Professor 
of Latin in Owens College, Manchester. New Edition. Fcap. 8vo. 
3J. 6d. 

7he historical introduction of Mr, Wilkins brings together all the 
details which are known respecting CatiHne and his relations with 
the great orator, A list of passages where conjectures have ban 
admitted into the text, and also of aU variations from the text of 
Kayser (1862), is added at the end. Finally, the En^ish editor has 
subjoined a large number of notes, both original and selected, from 
Curtius, Schleischer, Corssen, aiul other well-known critics^ an analysis 
of the orations, and an index. 

Demosthenes. — DEMOSTHENES ON THE CROWN. The 
Greek Text with English Notes. ByB. Drake, M.A., late Fellow 
of King's College, Cambridge. Fifth Edition, to which is 
prefixed iESCHINES AGAINST CTESIPHON, with English 
Notes. Fcap. 8vo. $s. 

An Introduction discusses the immediate causes of the two orations, and 
their general character. The Notes contain frequent references to the best 
authorities. Among the appendices at the end is a chronological table of 
the life and public career of jSschines and Demosthena, ** A neat and 
useful edition." — ATHSNiCUM. 

A 2 
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Latin, instead of trusting everything to the unassisted memory. Greek f 
zuords have been used in the earlier part of the book except such as have 
connections either in English or Latin, Ecuh step leads naturally on 
to its successor ; grammatical forms and rules are at once applied 
in a series of graduated exercises^ accompanied by ample vocabularies. 
Thus the book serves as Grammar, Exercise book, and Vocabulary. The 
ordinary ten declettsions are reduced to three, which correspond to the 
first three in iMtin ; and the system of stems is adopted. A general 
Vocabulary, and Index of Greek words, completes the work. " We know 
of no book of the same scope so complete in itself, or so well calculated to 
make the study of Greek interesting at the very commencement^"^ — . 
Standard. 

Peile (John, M.A.)— AN INTRODUCTION TO GREEK 

AND LATIN ETYMOLOGY. By John Peile, M. A., Fellow 

and Assistant Tutor of Christ's College, Cambridge, formeriy 

Teacher of Sanskrit in the University of Cambridge. New and 

Revised Edition, Crown 8vo. \os. 6d. 

These Philological Lectures are the result of Notes made during the 

author's reading far several years. These Azotes were put into the shape of 

Lectures, delivered at ChrisCs College, as one set in the ^^ Intercollegiate^^ 

list. They an now printed with some additions and modifications, 

* * The book may be accepted as a very vcdtuible contribution to the science 

of language," — Saturday Review. 

Plato.— THE REPUBLIC OF PLATO. Translated into English, 

with an Analysis and Notes, by J. Ll. Davies, M.A., and D. J. 

Vaughan, M.A. Third Edition, with Vignette Portraits of Plato 

and Socrates, engraved by Jeens from an Antique Gem. i8mo. 

^r. 6d. 

An introductory notice supplies some account of the life of Plato, and 

the translation is preceded by an elaborate analysis. ** The translators 

have," in the judgment of the Saturday Review, ^'^ produced a book 

which any reader, whether acquainted with the original or not, can peruse 

with pleasure as well as profit, " 

PlautUS (Ramsay).— THE MOSTELLARIA OF PLAU- 
TUS. With Notes Critical and Explanatory, Prolegomena, and 
Excursus. By William Ramsay, M.A., formerly Professor of 
Humanity in the University of Glasgow. Edited by Professor 
George G. Ramsay, M.A., of the University of Glasgow. 
8vo. 14J. 
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** The jruits of that exhaustive research and that ripe and well-digested 
scholarship which its author' brousrht to bear upon everything that he 
undertook are visible throughout. It is furntshed wtth a complete 
apparatus of prolegomena^ notesy and excursus; and for the use of veteran 
scholars it probably leaves nothing to be desired" — Pall Mall Gazette. 

Potts (Alex. W., M.A.)— HINTS TOWARDS LATIN 
PROSE COMPOSITION. By Alex. W. Potts, M.A., late 
Fellow of St John's College, Cambridge ; Assistant Master in 
Rugby School ; and Head Master of the Fettcs College, Edinburgh. 
Third Edition, enlarged. Extra fcap. 8vo. cloth, 3j. 

An attempt is here made to give students ^ after they have mastered 
ordinary syntactical rules, some idea of the characteristics of Latin Prose 
and the means to be employed to reproduce them. Some notion of the 
treatment of the subject may be gathered from the * Contents.* Chap. I. — 
Characteristics of Classical Latin, Hints on turning English into Latin ; 
Chap. II. — Arrangement of Words in a Sentence; Chap. III. — Unity 
in Latin Prose, Subject and Object ; Chap. IV. — On the Period in 
Latin Prose ; Chap. V. — On the position of the Relative and Relative 
Clauses, The Globe characterises it as ** an admirable little book which 
teachers of Latin will find of very great service,** 

Roby.— A GRAMMAR OF THE LATIN LANGUAGE, from 
Plautus to Suetonius. By H. J. ROBY, M.A., late Fellow of St. 
John's College, Cambridge. Part I. containing : — Book I. Sounds. 
Book II. Inflexions. Book III. Word-formation. Appendices. 
Second Edition. Crown 8vo. %s, td. 

This work is the result of an independent and careful study of the 
writers of the strictly classical period, the period^ embraced between the 
time of Plautus and that of Suetonius, The author's aim has been to give 
the facts of the language in as few words as possible. This is a Grammar 
strictly oftheLA^n language; not a Universal Grammar illustrated from 
L^atin, nor the Latin section of a Comparative Grammar of the Jndo- 
Ettropean languages, nor a Grammar of the group of Italian dialects, of 
which Latin is one. It will be found that the arrangement of the book and 
the treatment of the various divisions differ in many respects from those of 
previous grammars, Mr, Roby has given special prominence to the treatment 
of Sounds and Word formation ; and in the First Book he has done much 
towards settling a discussion which is at present largely engaging the 
attention of scholars, viz,, the pronunciation of the classical languages. 
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*' Tht, hook is marked by the clear and practised insight of a master tn his 
art. It is a book that would do honour to any country ^^ — AXHENyEUM. 

Rust. — FIRST STEPS TO LATIN PROSE COMPOSITION. 

By the Rev. George Rust, M.A. of Pembroke Collie, Oxford, 

Master of the Lower School, King's College, London. New 

Edition. i8mo. \s. 6d, 

This little work consists of carefully graduated vocabularies and 

exercises^ so arranged as gradually to familiarise the pupil with the 

elements of Latin Prose Composition, and fit him to commence a more 

advanced work, 

Sallust.— CAII SALLUSTII CRISPI CATILINA ET JUGUR- 
THA. For Use in Schools. With copious Notes. By C. 
Merivale, B.D. (In the present Edition the Notes have been 
carefully revised, and a few remarks and explanations added.) 
New Edition. Fcap. 8vo. 4J. (^d. 

This edition of Sallust^ prepared by the distinguished historian of Rome^ 
contains an Introduction^ concerning the life and works of Sallust, lists 
of the Consuls, and elaborate Notes, ^* A very good edition, to which the 
Editor has not only brought scholarship but independent judgment and 
historical criticism," — Spectator. 

The JUGURTHA and the CATILINA may be had separately, price 
2s, 6d. each. 

Tacitus. — ^THE HISTORY OF TACITUS TRANSLATED 
INTO ENGLISH. By A. J. Church, M.A., and W. J. 
Brodribb, M.A. With Notes and a Map. New and Cheaper 
Edition. Crowp 8vo. 6^. 
The translators have endeavoured to adhere as closely to the original as 
was thought consistent with a proper observance of English idiom. At 
the same time, it has been their aim to reproduce the precise expressions of 
the author. The campaign of Cvuilis is elucidated in a note of some lengthy 
which is illustrated by a m^p, containing the names of places and of tribes 
occurring in the work. There is also a complete account of the Roman army 
as it was constituted in the time of Tacitus, This work is characterised 
by the Spectator a? ** a scholarly and faithful translation," 

THE AGRICOLA AND GERMANIA OF TACITUS. A Revised 
Text, English Notes, and Maps. By A. J. CHURCH, M.A., 
ind W. J. Brodribb, M. A. New Edition. Fcap. 8vo. 3^. 6d. 
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Tacitus — continued, 

" We have endeavoured^ with the aid of recent editions^ thoroughly lo 
elucidate the text, explaining the various difficulties^ critical and gramma^ 
ticaly which occur to the student. We have consulted throughout^ besides 
the older commentators^ the editions of Hitter and Orelli, but we are 
under special obligations to the labours of the recent German editors^ Wex 
and Kritz" Two Indexes are appended, (i) of Proper Names, (2) of 
Words and Phrases explained. ** A model of careful editing," says the 
ATHENiSUM, " being at once compact, complete, and correct, as well as 
neatly printed and elegant in styled* 

THE AGRICOLA and GERMANIA may be had separately, price 
2.S, each. 

THE AGRICOLA AND GERMANIA. Translated into English 
by A. J. Church, M.A., and W. J. Brodribb, M.A. With 
Maps and Notes. Extra fcap. 8vo. 2J.6^. 

The translators have sought to produce such a version as may satisfy 
scholars who demand a faithfUl rendering of the original, and English 
readers who are offended by the baldness and frigidity which commonly 
disfigure translations. The treatises are accompanied by Introductions, 
Notes, Maps, and a chronological Summary, 77ie ATHENAEUM says of 
this work that it is " a version at once readable and exact, which may be 
perused with pleasure by all, and consulted with advantage by the classical 
student.** 

TheophrastUS. — THE CHARACTERS OF THEO- 
PHRASTUS. An English Translation from a Revised Text. 
With Introduction and Notes. By R. C. Jebb, M.A., Public 
Orator in the University of Cambridge. Extra fcap. 8vo. 6j. dd. 

The first object of this book is to make these lively pictures of old Greek 
manners better known to English readers. But as the Editor and Trans- 
lator has been at considerable pains to procure a trustworthy text, and 
has recorded the results of his critical labours in an Introduction, Notes, 
and Appendices, it is hoped that the work tvill prove of value even to 
the scholar. ** We must not omit to give due honour to Mr. yebb^s trans- 
lation, which is as good as translation can be . . . . Not less commendable 
are the execution of the. Notes and the critical handling of the Text.^* — 
Spectator. T/ie Saturday Review speaks of it as ** a very hand^' 
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and scholarly edition of a it^ork which till now has been beset with 
hindrances and difficulties, but which Mr, Jebb^s critical skill and 
judgment have at length placed within the grasp and comprehefision of 
ordinary readers, " 

Thring.— Works by the Rev. E. THRING, M.A., Head Master 
of Uppingham School. 

A LATIN GRADUAL. A First Latin Construing Book for 
Beginners. New Edition, enlarged, with Coloured Sentence Maps. 
Fcap. 8vo. 2s. 6d, 
The Head Master of Uppingham has here sought to supply by easy steps 
a knowledge of grammar, combined with a good Vocabulary, Passages 
have been selected from the best Latin authors in prose and verse. These 
passages are gradually built up in their grammatical structure, and 
finally printed in full. A short practical manual of common mood con^ 
structions, with their English equivalents, forms a second part. To the 
New Edition a circle of grammatical Constructions with a Glossary has 
been added ; as also some coloured Sentence Maps, by means of which the 
different parts of a sentence can ectsily be distinguished, and the practice of 
dissecting phrases carried out with the greatest benefit to the student, 

A MANUAL OF MOOD CONSTRUCTIONS. Fcap.Svo. \s. ed. 

Treats of the ordinary mood constructions, as found in the Latin, Greek, 
and English languages. The EDUCATIONAL TIMES thinks it **vety 
well suited to young students. " 

A CONSTRUING BOOK. Fcap. 8vo. 2s, 6d, 

Thucydides.— THE SICILIAN EXPEDITION. Being Books 

VI. and VII. of Thucydides, with Notes. A New Edition, revised 

and enlarged, with a Map. By the Rev. Percival Frost, M. A., 

late Fellow of St. John's College, Cambridge. Fcap. 8vo. 5^. 

This edition is mainly a grammatical one. Attention is called to the 

force of compound verbs, and the exact meaning of the various tenses 

employed, '* 7he notes are excellent of their kind. Mr, Frost seldom 

passes over a difficulty, and what he says is always to the point,** — 

Educational Times. 

Virgil. — THE WORKS OF VIRGIL RENDERED INTO 
ENGLISH PROSE, with Notes, Introductions, Running Analysis, 
and an Index, by James Lonsdale, M.A. and Samuel Lee, 
M.A. Second Edition. Globe Svo. 3^. 6d, ; gilt edges, \s, 6d. 
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The original has been faithfully rendered, and paraphrase altogether 
avoided. At the same time, the translators have endeavoured to adapt 
the book to the use of the English reader. Some amount of rhythm in 
the structure of the s^ttence has been generally maintained ; and, when in 
the Latin the sound of the words is an echo to the sense {as so frequently 
happens in Virgil), an attempt has been made to produce the same result 
in English, The getteral introduction contains whatever is known of 
the poet^s life,^ an estimate of his genius, an account of the principal 
editions and translations of his works, and a brief view of the influence 
he has had on modern poets ; special introductory essays are prefixid 
to the ''Eclogues,'' *' Georgies,'' and ''Mneid:* The text is divided into 
sections, each of which is headed by a concise analysis of the subject ; 
the Index contains references to all the characters and events of any 
importance. " A more complete edition of Virgil in English it is scarcely 
possible to conceive than the scholarly work before us, " — Globe. 

Wright.— Works by J. WRIGHT, M.A., late Head Master of 
Sutton Coldfield School. 

HELLENICA ; OR, A HISTORY OF GREECE IN GREEK, as 
related by Diodorus and Thucydides ; being a First Greek Reading 
Book, with explanatory Notes, Critical and HistoricaL Third 
Edition, with a Vocabulary. i2mo. 3^. (>d. 

In the last twenty chapters of this volume, Thucydides sketches the rise 
and progress of the Athenian Empire in so clear a style and in such simple 
language, thcU the editor has doubts whether any easier or more instruc' 
live passages can be selected for the use of the pupil who is commencing 
Greek, This book includes a chronological table of the events recorded. 
The Guardian speaks of the work as '*a good plan well executed," 

A HELP TO LATIN GRAMMAR ; or. The Form and Use of Words 
in Latin, with Progressive Exercises. Crown 8vo. 4J. 6d, 

This book is not intended as a rival to any of the excellent Grammars 
now in use ; but as a help to enable the beginner to understand them. 

THE SEVEN KINGS OF ROME. An Easy Narrative, abridged 
from the First Book of Livy by the omission of Difficult Passages ; 
being a First Latin Reading Book, with Grammatical Notes. 
Fifth Edition. Fcap. 8vo. y. With Vocabulary, 3^. 6d. 
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Merivale.—KEATS' HYPERION, rendered into Latin Verse. 
By C. Merivale, B.D. Second Edit. Extra fcap. 8vo. 3^. 6</. 

Newman. — HYMNI ECCLESI^. Edited by the Rev. Dr. 
Newman. Extra fcap. 8vo. is. 6d, 

Hymns of the Mediaval Church. The first Part contains selections 
from the Parisian Breviary ; the second from those of Rome^ Salisbury ^ 
and York. 

Trench (Archbishop). — sacred latin poetry, 

chiefly Lyrical, selected and arranged for Use ; with Notes and 
Introduction. Fcap. 8vo. 7-^- 

In this work the editor has selected hymns of a catholic religious 
sentiment that are common to Christendom^ while refecting those of a 
distinctively Romish character. 
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Airy.— Works by Sir G. B. AIRY, K.C.B., Astronomer Royal ;— 

ELEMENTARY TREATISE ON PARTIAL DIFFERENTIAL 
EQUATIONS. Designed for the Use of Students in the Univer- 
sities. With Diagrams. Crown 8vo. cloth. 5^. dd. 

It is hoped that the methods of solution here explained^ and the instances 
exhibited, will be found sufficient for application to nearly all the important 
problems of Physical Science, which require for their complete investigation 
the aid of Partial Differential Equations. 

ON THE ALGEBRAICAL AND NUMERICAL THEORY OF 
ERRORS OF OBSERVATIONS AND THE COMBINA- 
TION OF OBSERVATIONS. Cioot 8vo. cloth, ds. 6d, 

In order to spare astronomers and observers in natural philosophy the 
confusion and loss of time which are produced by referring to the ordinary 
treatises etnbracing both bratuhes of probabilities (the first relating to 
chances which can be altered only by the changes of entire units or in- 
tegral multiples of units in the fundamental conditions of the probletn ; _ 
the other concerning those chances which have respect to insensible grada- 
tions in the value of the element fueasured), the present tract has been drawn 
up. It relates only to errors of observation, and to the rules, derivable 
from the consideration of these errors, for the combination of the restdis 
of observations. 
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Airy (G. B.) — continued, 

B 

UNDULATORY THEORY OF OPTICS. Designed for the Use of 
Students in the University. New Edition. Crown 8vo. cloth. 
6s. 6d. 

TTie undulatary theory of optics is presented to the reader as having the 
same claims to his attention as the theory of gravitation : namely^ thai it is 
certainly true, and that, by mathemcUical operations of general elegance, it 
leads to results of great interest. This theory explains with accuracy a 
vast variety of phenomena of the most complicated kind. The plan of this 
tract has been to include those phenomena only which admit of calctdatlon, 
and the investigations are applied only to phenomena which actually have 
been observed. 

ON SOUND AND ATMOSPHERIC VIBRATIONS. With the 
Mathematical Elements of Music. Designed for the Use of Students 
of the University. Second Edition, Revised and Enlarged. 
Crown 8vo. gj. 

This volume consists of sections, which again are divided into numbered 
articles, on the following topics: — General recognition of the air as the 
medium which conveys sound ; Properties oj the air on which the forma- 
tion and transmission of sound depend ; Theory of undulations as applied 
to sound, <5r»<r. / Investigation of the motion of a wave of air through the 
atmosphere ; Transmission of waves of soniferous vibrations through dif- 
ferent gcLses, solids, and fluids ; Experiments on the velocity of sounds 
dx'c. ; On musical sounds, and the manner of producing them ; On the 
elements of musical harmony and melody, and of simple musical composi- 
tion ; On instrumental music ; On the human organs of speech and 
hearing. 

A TREATISE OF MAGNETISM. Designed for the use of 
Students in the University. Crown 8vo. 9^. 6d. 

As the laws of Magnetic Force have been experimentally examined with 
philosophical accuracy, only in its connection with iron and steel, and in 
the influences excited by the earth as a whole, the cucurcUe portions of this 
work are confined to the investigations connoted with these metals and the 
earth. The latter part of the work, however, treats in a more general way 
of the laws of the connection between Magnetism on the other hand and Gal- 
vanism and Thermo-electricity on the other. The work is divided into 

*dve Sections, and each section into numbered articles, each of which 
concisely the subject of the following paragraphs. • 
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Airy (Osmund). —A treatise on geometrical 

OPTICS. Adapted for the use of the Higher Classes in Schools. 
By Osmund Airy, B.A., one of the Mathematical Masters is 
Wellington College. Extra fcap. 8vo. 3^. 6d, 

" TTiis iSf I inuiginej the first time that any attempt has been made to 
adapt the subject of Geometrical Optics to the reading of the higher 
classes in our good schools. That this should be so is the more a matter 
for remark^ since the subject would appear to be peculiarly fitted for such 

an adaptation / have endeavoured^ as much as possible, to avoid 

the example of those popular lecturers who explain difficulties by ignoring 
them. But as the nature of my design necessitated brevity , I have omitted 
entirely one or two portions of the subject which I considered unnecessary 
to a clear understanding of the rest, and which appear to me better learnt 
at a more advanced stage,** — Author's Preface. ** This book" the 
Athen/EUM saySf **is carefully and lucidly written, and rendered as 
simple as possible by the use in all cases of the most elementary form of 
investigation, " 

Bayma.— THE elements OF MOLECULAR MECHA- 
NICS. By Joseph Bayma, S. J., Professor of Philosophy. 
Stonyhurst College. Demy 8vo. cloth. loj. 6d. 

Of the Twelve Books into which the present treatise is divided, the first 
and second give the demonstration of the principles which bear directly on 
the constitution and the properties of matter. The next three books contain 
a series of theorems and of problems on the laws of motion of elementary 
substances. In the sixth and seventh, the mechanical constitution of mole- 
cules is investigated and determined : and by it the general properties of 
bodies are explained. The eighth book treats of luminiferous cether. The 
ninth explains some special properties of bodies. The tenth and eleventh 
contain a radical and lengthy investigation of chemical principles and 
relations, which may lead to practiced results of high importance. The 
twelfth and last book treats of molecular masses, distances, and powers, 

Beasley.— AN elementary treatise on plane: 

TRIGONOMETRY. With Examples. By R. D. Beasley, 
M.A., Head Master of Grantham Grammar School. Fourth 
Edition, revised and enlarged. Crown Svo. doth. 3J. 6d, 

This treatise is specially intended for use in schools. The choice of matter 
has been chiefly guided by the requirements of the three days* examinatr 

B 
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at Cambridge, About four hundred examples were cuided to the second 
edition, mainly collect^ from the Examination Papers of the last ten 
years. In this edition several new articles have been added, the examples 
have been largely increased, and a series of Examination Papers appended, 

Blackburn (Hugh)..— elements OF plane 

TRIGONOMETRY, for the use of the Junior Class of Mathematics 
in the University of Glasgow. By Hugh Blackburn, M.A;, 
Professor of Mathematics in the University of Glasgow. Globe 
Svo. \s. 6d. 

The author having felt the want of a short treatise to be used as a 
Text-Book after the Sixth Book of Euclid had been learned and some 
knowledge of Algebra acquired, which should contain satisfactory de- 
monstrations of the propositions to be used in teaching yunior Students 
the solution of Triangles, and shonld at the same time lay a solid 
foundation for the study of Analytical Trigonometry, thinking that 
others may have felt the same want, has attempted to supply it by the 
publication of this little work, 

Boole. — Works by G. BOOLE, D.C.L., r.R.S., Professor of 
Mathematics in the Queen's University, Ireland. 

A TREATISE ON DIFFERENTIAL EQUATIONS. New and 
Revised Edition. Edited by I. Todhunter. Crown Svo. cloth. 
145. 

Professor Boole has endeavoured in this treatise to convey cts complete an 
account of the present state of knowledge on the subject of Differential Equa^ 
tions €U was consistent with the idea of a work intended, primarily, for 
elementary instruction. The earlier sections of each chapter contain that 
kind of matter which hcu usually been thought suitable for the beginner, 
while the latter ones are devote either to an ctccount of recent discovery, or 
the discussion of such deeper questions of principle as are likely to present 
themselves to the reflective student in connection with the methods and 
processes of his previous course, ** A treatise incomparably superior to 
any other elementary book on the same subject with which we are 
acquainted, " — PHILOSOPHICAL MAGAZINE. 

A TREATISE ON DIFFERENTIAL EQUATIONS. Supple- 
mentary Volume. Edited by I. Todhunter. Crown Svo. doth. 
Sj. 6d, 
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Boole — continued. 

This volume contains all that Professor Boole wrote for the purpose of 
enlarging his treatise on Differential Equations, 

THE CALCULUS OF FINITE DIFFERENCES. Crown 8vo. 
cloth. loj. dd. New Edition, revised by J. F. Moulton. 

In this exposition of the Calculus of Finite Differencesy particular 
attention has been paid to the connection of its methods with those of the 
Differential Calculus — a connection which in some instances involves far 
more than a merely formal analogy. The work is in some measure 
designed as a sequel to Professor Boole's Treatise on Differential Equa- 
tions. " As an original book by one of the first mathematicians of the 
age, it is out of all comparison with the mere second-hand compilations 
which have hitherto been alone accessible to the student. ^^ — PHILOSOPHICAL 
Magazine. 

Brook - Smith (J.)— ARITHMETIC IN THEORY AND 
PRACTICE. By J. Brook-Smith, M.A., LL.B., St John's 
College, Cambridge ; Barrister-at-Law ; one of the Masters of 
Cheltenham College. Complete, Crown 8vo. 4J. dd. Part I. 
'^s. dd. 

Writers on Arithmetic at thepresentdayfeel the necessity of explaining the 
principles on which the rules of the sub feet are based, but few as yet feel the 
necessity of making these explancUions strict and complete. If the science 
of Arithmetic is to be made an effective instrument in developing and 
strengthening the mental powers ^ it ought to be worked out rationally and 
conclusively ; and in this work the author has endeavoured to reason out 
in a clear and accurate manner the leading propositions of the science^ and 
to illustrate and apply those propositions in practice. In the practical 
part of the subject he has advanced somewhat beyond the majority of 
preceding writers; particularly in Division, in Greatest Common 
Measure, in Cube Root, in the Chapters on DecimcU Money and the 
Metric System, and more especially in the application of Decimals to 
Percentages and cognate subjects. Copious examples, original and selected, 
are given. ** This strikes us as a valuable Manual of Arithmetic of the 
Scientific kind. Indeed, this really appears to us the best we have seen." 
— Literary Churchman. " This is an essefttially practical book, 
providing very dffimte help to candidates for almost every kind of com- 
petitive examinat:on."--BKlTlSH QUARTERLY. 
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Cambridge Senate-House Problems and Riders, 

WITH SOLUTIONS .— 

1848-1851.— PROBLEMS. By Ferrers and Jackson. 8vo. 
doth. 1 5 J. (id, 

1848-1851.— RIDERS. By Jameson. 8vo. doth. 7 x. ddT. 

1854. — PROBLEMS AND RIDERS. By Walton and 
Mackenzie. 8vo. doth. lor. (xi, 

1857. — PROBLEMS AND RIDERS. By Campion and 
Walton. 8vo. doth. 8j. dflT. 

i860.— PROBLEMS AND RIDERS. By Watson and Routh, 
Crown 8va doth, is, 6d. 

1864.— PROBLEMS AND RIDERS. By Walton and Wil- 
kinson. 8vo. doth. loj. 6d. 

These volumes will be found of great value to Teachers and Students^ as 
indicating the style and range of mathematical study in the University of 
Cambridge, 

CAMBRIDGE COURSE OF ELEMENTARY NATURAL 
PHILOSOPHY, for the Degree of B. A. Originally compUed by 
J. C. Snowball, M.A., late Fellow of St John's College. 
Fifth Edition, revised and enlarged, and adapted for the Middle- 
Class Examinations by Thomas Lund, B.D., Late Fellow and 
Lecturer of St John's College, Editor of Wood's Algebra, &c 
Crown 8vo. doth. 51. 

nis work will be found adapted to the wants, not only of University 
Students f but also of many others who require a short course of Mechanics 
and Hydrostatics^ and especially of the candidates at our Middle Class 
Examinations, At the end of each chapter a series of easy questions is 
added for the exercise of the student, 

CAMBRIDGE AND DUBLIN MATHEMATICAL JOURNAL. 
The Complete Work, in Nine Vols. 8vo. doth. 7/. 45. 

Only a few copies remain on hand. Among Contributors to this 
work will be found Sir W, Thomson, Stokes, Adams, Boole, Sir fV, R, 
Hamilton, De Morgan, Cayley, Sylvester, Jellett, and other distinguished 
mathematicians, 

Candler.— HELP TO arithmetic. Designed for the use of 
Schools. By H. Candler, M.A., Mathematical Master of 
Uppingham School. Extra fcap. 8to. 2j. dd. 
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This work is intended as a companion to any text-hook that may be 
m use, " The main difficulties which boys experience in the different 
rules are skilfully dealt wUh and removed" — Museum. 

Cheyne. — Works by C. H. H. CHEYNE, M.A., F.R.A.S. 

AN ELEMENTARY TREATISE ON THE PLANETARY 
THEORY. With a CoUection of Problems. Second Edition. 
Crown 8vo. doth. 6s. 6d. 

In this volume an attempt has been made to produce a treatise on the 
Planetary theory^ which, being elementary in character, should be so far 
complete as to contain all that is usually required by students in the 
University of Cambridge, In the New Edition the work has been carefully 
revised. The stability of the Planetary System has been more fully treated, 
and an elegant geometrical explanation of the formula for the secular 
variation of the node and inclination has been introduced, 

THE EARTH'S MOTION OF ROTATION. Crown 8vo. 
y, 6d, 

TTie first part of this work consists of an applicaiion of the method of the 
variation of elements to the general problem, of rotation. In the second 
part the general rotation formula are applied to the particular cetse of 
the earth, 

Childe. — THE SINGULAR PROPERTIES OF THE ELLIP- 
SOID AND ASSOCIATED SURFACES OF THE Nth 
DEGREE. By the Rev. G. F. Childe, M.A., Author of 
** Ray Surfaces," " Related Caustics,'* &c. 8va lar. 6d, 

The object of this volume is to develop peculiarities in the EUipsoid; 
and, further, to establish analogous properties in the unlimited congeneric 
series of which this remarkable surface is a constituent, 

Christie.— A COLLECTION OF ELEMENTARY TEST- 
QUESTIONS IN PURE AND MIXED MATHEMATICS ; 
with Answers and Appendices on Synthetic Division, and on the 
Solution of Numerical Equations by Homer*s Method. By James 
R. Christie, F.R.S., late First Mathematical Maste* at the 
Royal Military Academy, Woolwich. Crown 8vo. cloth. 8j. 6d. 

This series of Mathematicai Exercises is collected from those which the 
author hcu, from time to time, proposed for solution by his pupils during 
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a long career at the Royal Military Academy, A student who finds 
thai he is able to solve the larger portion of these Exercises^ may consider 
that he is thoroughly well grounded in the elementary principles of pure 
and mixed Mathematics, 

Dalton.— -ARITHMETICAL EXAMPLES. Progressively 
arranged, with Exercises and Examination Papers. By the Rev. 
T. Dalton, M.A., Assistant Master of Eton College. New 
Edition. l8mo. cloth. 2s. 6d, Answers to the Examples are 
appended. 

Day .— PROPERTIES OF CONIC SECTIONS PROVED 

GEOMETRICALLY. Part I., THE ELLIPSE, with 

Problems. By the Rev. H. G. Day, M.A., Head Master of 

Sedburgh Grammar School. Crown 8va 3^. 6d, 

The object of this book is the introduction of a treatment of Conic 

Sections which should be simple and natural^ and lead by an easy transi" 

tion to the analytical methods^ without departing from the strict geometry 

of Euclid, 

Dodgson.— AN ELEMENTARY TREATISE ON DETER- 
MINANTS, with their Application to Simultaneous Linear 
Equations and Algebraical Geometry. By Charles L. Dodgson, 
M.A., Student and Mathematical Lecturer of Christ Church, 
Oxford. Small 4to. cloth, ioj. 6^. 

The object of the author is to present the subject as a continuous chain of 
argument, separated from all accessories of explancUion or illustration. 
All such explanation and illustration as seemed necessary for a beginner 
are introduced, either in the form of foot-notes, or, where that would have 
occupied too much room, of Appendices. ** The work,^* says the 
Educational Times, ^^ forms a valuable addition to the treatises we 
possess on Modern AlgebraJ*^ 

Drew.— GEOMETRICAL TREATISE ON CONIC SEC- 
TIONS. By W. H. Drew, M. A., St. John's College, Cambridge. 
Fourth Edition. Crown 8vo. cloth. 4J. 6d. 

In this work the subject of Conic Sections has been placed before the student 
in such a form that, it is hoped, after mastering the elements of Euclid^ he 
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D re w — continued, 

may find it an easy and interesting continuation of his geometrical studies. 
With a virWf also^ of rendering the work a complete manual of what is 
required at the Universities^ there have either been embodied into the text or 
inserted among the examples^ every book-work question^ problem, and rider , 
which hcts been proposed in the Cambridge examinations up to the present 
time, 

SOLUTIONS TO THE PROBLEMS IN DREW'S CONIC 
SECTIONS. Crown 8vo. cloth. 4f. 6d, 

Earnshaw (S.) — partial differential equa- 
tions. An Essay towards an entirely New Method of Inte- 
grating them. By S. Earnshaw, M.A., St. John's College, 
Cambridge. Crown 8vo. 5^. 

The peculiarity of the system expounded in this work is, that in every 
equation, whatever be the number of original independent variables, the work 
of integration is at once reduced to the use of one independent variable 
only. The author's object is merely to render his method thoroughly intel- 
ligible. The various steps of the investigation are all obedient to one 
gefieral principle, and though in some degree novel, are not really difficult, 
but on the contrary easy when the eye has become accustomed to the novelties 
of the notation. Many of the results of the integrations are far more 
gefieral than they wef-e in the shape in which they have appeared in former 
treatises, and many Eqtiations will be found in this Essay integrated 
with ease in finite terms which were never so integrated before. 

Edgar (J. H.) and Pritchard (G. S.)— NOTE-BOOK ON 

practical solid or DESCRIPTIVE GEOMETRY. 
Containing Problems with help for Solutions. By J. H. EdgaRj 
M.A., Lecturer on Mechanical Drawing at the Royal School of 
Mines, and G. S. Pritchard, late Master for Descriptive 
Geometry, Royal Military Academy, Woolwich. Second Edition, 
revised and enlarged. Globe 8vo. 3^. 

Ill teaching a large class, if the method of lecturing and demonstrating 

from the black board only is pursued, the more intelligeni students have 

generally to be kept back, from the necessity of frequent repetition, for the 

sake of the less promising ; if the plan of setting problems to each pupil is 

adopted, the teacher finds a difficulty in giving to each sufficient attention. 
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A judicieus comHnaHon of both methods is doubiUss the best; and it is 
hoped that this result may be arrived at in some degree by the use of this 
bookf which is simply a collection of examples, with helps for solution^ 
arranged in prograsive sections. The new edition has been enlarged by the 
addition of chapters on the straight line and plane, with explanatory dia- 
grams and exercises on tangent planes, and on the cases of the spherical 
triangle, 

Ferrers. — an elementary treatise on trilinear 

CO-ORDINATES, the Method of Redprocal Polaxs, and th 
Theoiy of Projectors. By the Rev. N. M. Ferrers, M. A., Fellow 
and Tator of Gonville and Cains Coll^e^ Cambridge. Second 
Edition. Crown 8to. 6s. 6d, 

The object of the author in writing on this subject has mainly been to 
place it on a basis altogether independent of the ordinary Cartesian system^ 
instMd of regarding it as only a special form of Abridged Notation. 
A short chapter on Determinants has been introduced. 

Frost. — Works by PERCIVAL FROST, M.A., formerly FeUow 
of St John's Coll^e^ Cambridge; Mathematical Lecturer o 
King's College. 

AN ELEMENTARY TREATISE ON CURVE TRACING. B 
Percival Frost, M.A. 8vo. I2j. 

The author has written this book under the conviction that the skill 
and power of the young mathematical student, in order to be thoroughly 
available afterwards, ought to be developed in all possible directions. The 
subject which he has chosen presents so many faces, that it would be 
difficult to find another which, with a very limited extent of readings 
combines, to the same extent, so many valuable hints of methods of cal- 
culations to be employed hereafter, with so much pleasure in its present 
use. In order to understand the work it is not necessary to have much 
knowledge of what is called Higher Algebra, nor of Algebraical Geometry 
of a higher kind than that which simply relates to the Conic Sections. 
From the study of a work like this, it is believal that the student zui 
derive many advantages. Especially he will become skilled in making 
correct approximations to the valites of quantities, which cannot be found 
exactly, to any degree of accuracy which may be required. 
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THE FIRST THREE SECTIONS OF NEWTON'S PRINCIPIA. 
With Notes and Illustrations. Also a collection of Problems, 
principally intended as Examples of Newton's Methods. By 
Percival Frost, M.A. Second Edition. 8vo. cloth. lOf. 6^. 

Tlie authof^s principal intention is to explain difficulties which may be 
encoufitered by the student on first reading the Principia, and to illustrate 
the advantages of a cartful study of the methods employed by Newton^ by 
showing the extent to which they may be applied in the solution of problems ; 
he has also endeavoured to give assistance to the student who is engaged in 
the study of the higher branches of mathematics^ by representing in a 
geometrical form severed of the processes employed in the Differential and 
Integral Calculus^ and in tht' analytical investigations of Dynamics, 

Frost and Wolstenholme. — a treatise on SOLID 

GEOMETRY. By Percival Frost, M.A., and the Rev. J. 
Wolstenholme, M.A., Fellow and Assistant Tutor of Christ's 
College. 8vo. cloth. i%s. 

The authors have endeavoured to present before students cu comprehensive 
a view of the subject as possible. Intending to make the subject accessible^ 
at. lecut in the earlier portion^ to all clctsses of students^ they have endea- 
voured to explain completely all the processes which are most useful in 
dealing with ordinary theorems and problems^ thus directing the student 
to the selection of methods which are best adapted to the exigencies of each 
problem. In the more difficult portions of the subject, they have considered 
themselves to be addressing a higher class of students ; and they have there 
tried to lay a good foundcUion on which to build, if any reader should 
wish to pursue the science beyond the limits to which the work extends, 

Godfray.— Works by HUGH GODFRAY, M.A., Mathematical 
Lecturer at Pembroke College, Cambridge. 

A TREATISE ON ASTRONOMY, for the Use of CoUeges and 
Schools. 8vo. cloth. I2j. 6^. 

This book emJ)races all those branches of Astronomy which have, from 
time to time, been recommended by the Cambridge Board of Mathematical 
Studies : but by far the larger and easier portion, adapted to the first three 
days of the Examination for Honours, mav be read by the more 



26 EDUCATIONAL BOOKS. 

Go dfray — continued, 

advanced pupils in many of our schools. The author^ s aim has hem to 
convey clear and distinct idecu of the cdestial phenomena, ** It is a 
working book,** says the Guardian, "taking Astronomy in its proper 
place in mathematical sciences, , , , Itisa book vfhkh is not likdy to 
begot up unintdligently.** 

AN ELEMENTARY TREATISE ON THE LUNAR THEORY, 
with a Brief Sketch of the Problem up to the time of Newton. 
Second Edition, revised. Crown 8vo. cloth, ^s, 6d. 

These pages will, it is hoped, form an introduction to more recondite 
works. Difficulties have been discussed at considerable length. The 
selection of the method followed with regard to analytical solutions^ 
which is the same as that of Airy, Herschd, &*c. was made on account 
of its simplicity ; it is, moreover, the method which has obtained in the 
University of ^Cambridge, ** As an elementary treatise and introduction 
to the subject, we think it may fustly claim to supersede all former ones,^* — 
London, Edin. and Dublin Phil. Magazine. 

Hemming.— AN elementary treatise on the 

DIFFERENTIAL AND INTEGRAL CALCULUS, for the 
Use of Colleges and Schools. By G. W. Hemming, M.A., 
Fellow of St. John's College, Cambridge. Second Edition, with 
Corrections and Additions. 8vo. cloth. 2s, 

" TTiere is no book in common use from which so clear and exact a 
knowledge of the principles of the Calculus can be so readily obtained," — 
Literary Gazette. 

Jackson. — GEOMETRICAL CONIC SECTIONS. An Elemen- 
tary Treatise in which the Conic Sections are defined as the Plane 
Sections of a Cone, and treated by the Method of Projection. 
By J. Stuart Jackson, M. A., late Fellow of Gonville and Caius 
College, Cambridge. 4;. 6d, 

This work has been written with a view to give the student the benefit of 
the Method of Projections as applied to the Ellipse and Hyperbola, 
When this Method is admitted into the treatment of the Conic Sections, 
there are many reasons why they should be defined, not with reference to 
the focus and direction, but according to the original definition from which 
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they have their name as plane sections of a cone, T%is method is calcu- 
lated to produce a material simplification in these curves^ and to make the 
proof of their properties more easily understood and remembered. It is also 
a powerful instrument in the solution of a large class of problems relating 
to these curves. 



Jellet (John H.)— a treatise on the theory of 

FRICTION. By JoiiN H. Jellet, B.D., Senior Fellow of 
Trinity College, Dublin ; President of the Royal Irish Academy. 
8vo. &y. dd. 

The theory of friction is as truly a part of Rational Mechanics as the 
theory of gravitation. This book is taken up with a special investigation 
of the laws of friction ; and some of the principles contained in it are 
believed to be here enunciated for the first time. The work consists of eight 
Chapters as follows : — I, Definitions and Principles. II. Equilibrium 
with Friction. ^111. Extrenu Positions of Equilibrium. IV. Movement 
of a Particle or System of Particles. V. Motion of a Solid, Body. VI. 
Necessary and Possible Equilibrium, VII. Determination of the Actual 
Value of the Acting Force of Friction. VIII. Miscellaneous Problems — 
I. Problem of the Top. 2. Friction Wheels and Locomotives. 3. 
Questions for Exercise. ** The work is one of great research, and will 
add much to the already great reputation of its author. " — Scotsman. 



Jones and Cheyne. — ^ALGEBRAICAL EXERCISES. Pro- 
gressively arranged. By the Rev. C. A. Jones, M.A., and C. H. 
Cheyne, M. A. , F. R. A. S. , Mathematical Masters of Westminster 
School. New Edition. i8mo. doth. 2s. 6d. 

This little book is intended to meet a difficulty which is probably fdt more 
or less by all engaged in teaching Algebra to beginners. It is, that while 
new ideas are being acquired, old ones are forgotten. In the belief that 
constant practice is the^ only remedy for this, the present series of miscel- 
laneous exercises has been prepared. Their peculiarity consists in this, 
that though miscellaneous they are yet progressive, and may be used by 
the pupil almost from the commencement of his studies. The 600k 
being intended chiefly for Schools and Junior Students, the higher parts 
of Algebra have not been included. 
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Kitchener.— A GEOMETRICAL NOTE-BOOK, containing 
Easy Problems in Geometrical Drawing preparatory to the Study 
of Geometry. For the Use of Schools. By F. £. KiTCHENEft, 
M. A., Mathematical Master at Rugby. New Edition. 4to. 2J. 

// is the object of this book to make some way in overcoming the difficulties 

of Geometrical conception^ brfore the mind is called to the attack oj 

Geometrical theorems, A few simple methods of construction are gwen ; 

and space is left on each page^ in order that the learner may draw in the 

figures, 

Morgan.— A COLLECTION OF PROBLEMS AND EXAM- 
PLES IN MATHEMATICS. With Answers. By H. A. 
Morgan, M.A., Sadlerian and Mathematical Lecturer of Jesus 
College^ Cambridge. Crown 8vo. cloth, ts, 6d, 

This book contains a number of problems^ chiefly elementary, in the 
Mathematical subjects usually read at Cambridge, They have been 
selected from the papers set during late years at Jesus College. Very few 
of them are to be met with in other collections^ and by far the larger 
number are due to some of the most distinguished Mathematicians in the 
University, 

Newton's PRINCIPIA. Edited by Professor Sir W. Thomson 
and Professor Blackburn. 4to. cloth. 31J. (>d. 

It is a sufficient guarantee of the excdlence of this complete edition oJ 
Newton^ s Principia that it has been printed for and under the care of PrO' 
fessor Sir William Thomson and Professor Blackburn, of Glasgow Uni* 
versity. The following notice is prefixed: — " Finding that all the editions 
of the Principia are now out of print, we have been induced to reprint 
NevotofCs last edition [of 1 726] without note or comment, only introducing 
the ^Corrigenda* of the old copy and correcting typographical errors,** 
The book is of a handsome size, with large type, fine thick paper, and cleanly 
cut figures, and is the only modern edition containing the whole of Newton* s 
great work, " Undoubtedly the finest edition of the text of the * Principia * 
which has hitherto appeared.*" — Educational Times. 

Parkinson. — Works by S. Parkinson, D.D., F.R.S., Fellow and 
Tutor of St John's College, Cambridge. 
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Parkinson — continued. 

AN ELEMENTARY TREATISE ON MECHANICS. For the 
Use of the Junior Classes at the University and the Higher Qasses 
in Schools. With a Collection of Examples. Fourth edition, revised. 
Crown 8vo. cloth. 9^. 6d» 

In preparing this work the author^ s object has been to include in it 
such portions of Theoretical Mechanics as can be conveniently investigated 
ivithout the use of the Differential Calculus^ and so render it suitable as 
a manual for the junior classes in the University and the higher classes 
in Schools, With one or two short exceptions^ ihe student is not presumed 
to require a knowledge of any branches of Mathematics beyond the elements 
of Algebra, Geometry^ and Trigonometry, Several additional propositions 
have been incorporated in the work for the purpose of rendering it more 
complete; and the collection of Examples and Problems has been largely 
increased, 

A TREATISE ON OPTICS. Third Edition, revised and enlarged. 
Crown 8vo. doth. loj. 6^. 

A collection of examples and problems has been appended to this work, 
which are sufficiently numerous and varied in cliaracter to afford useful 
exercise for the student. For the greater part of them, ruourse has been 
had to the Examination Papers set in the University and the several 
Colics during the last twettty years, 

Phear.— ELEMENTARY HYDROSTATICS. With Numerous 
Examples. By J. B. Phear, M.A., Fellow and late Assistant 
Tutor of Clare College, Cambridge. Fourth Edition. Crown 
8vo. cloth. 5^. 6d, 

This edition has been carefully revised throughout, and many new 
illustrations and examples added, which it is hoped will increase its 
usefulness to students at the Untversities and in Schools, In cucordance 
with suggestions from many engaged in tuition, answers to all the 
Examples have been given at the end of the book, 

Pratt.— A TREATISE ON ATTRACTIONS, LAPLACE'S 
FUNCTIONS, AND THE FIGURE OF THE EARTH. 
By John H. Pratt, M.A., Archdeacon of Calcutta, Author of 
" The Mathematical Principles of Mechanical Philosophy. " Fourth 
Edition. Crown 8vo. doth. dr. 6^. 
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The authoT^s chief design in this treatise is to give an answer to the 
question, " Has the Earth acquired its present form from being originally 
in a fluid state? " This Edition is a complete revision of the former ones, 

m 

Puckle. — AN ELEMENTARY TREATISE ON CONIC SEC- 
TIONS AND ALGEBRAIC GEOMETRY. With Numerous 
Examples and Hints for their Solution ; especially designed for the 
Use of Beginners. By G. H. Puckle, M.A. New Edition, 
revised and enlarged. Crown 8vo. cloth, 'js. 6d, 

This work is recommended by the Syndicate of the Cambridge Local 
Examinations, The Athenaeum says the author ** displays an intimate 
acquaintance with the difficulties likely to be felty together with a singular 
aptitude in removing them,** 

Rawlinson. — elementary statics, by the Rev. George 
Rawlinson, M. a. Edited by the Rev. Edwa^id Sturges, M. A., 
of Emmanuel College, Cambridge, and late Professor of the Applied 
Sciences, Elphinstone College, Bombay. Crown 8vo. cloth. 45. 6d, 

Published under the authority of Her Majesty'' s Secretary of State for 
India^ for use in the Government Schools and Collies in India, 

Reynolds.— MODERN methods in elementary 

GEOMETRY. By E. M. Reynolds, M.A., Mathematical 
Master in Clifton College. Crown 8vo. y. dd. 

This little book has been constructed on one plan throughouty that of 
always giving in the simplest possible form the direct proof from the nature 
of the ccue. The axioms necessary to this simplicity have been assumed 
without hesitation, and no scruple has been felt as to the increase of 
their number, or the acceptance of as many elementary notions as 
common experience places past all doubt. The book differs most from esiab* 
lished teaching in its constructions, and in its early application of Arith- 
mctic to Geometry, 

Routh.— AN ELEMENTARY TREATISE ON THE DYNA- 
MICS OF THE SYSTEM OF RIGID BODIES. With 
Numerous Examples. By Edward John Routh, M.A., late 
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Fellow and Assistant Tutor of St. Peter's College, Cambridge; 
Examiner in the University of London. Second Edition, enlarged. 
• Crown 8vo. cloth. 14J. 

In this edition the author has made several additions to each chapter. 
He has tried to make each chapter ^ as far as possible^ complete in itself ^ 
so that all that relates to any one part of the subject may be found in the 
same place. This arrangement will enable every student to select his 
own order in which to read the subject. The Examples which will be 
found at the end 0/ each chapter have been chiefly selected from the 
Examination Papers which have been set in the University and the 
Colleges in the last Jew years. 
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WORKS 
By the REV. BARNARD SMITH, M.A., 

Rector of Glaston, Rutland, late Fdlow and Senior Bursar 
of St. Peter's College» Cambridge. 

ARITHMETIC AND ALGEBRA, in their Principles and AppU- 
cation ; with nnmerous sjrstematically arranged Examples taken 
firom the Cambridge Examination Papers, with especial reference 
to the Ordinary Examination for the B.A. Degree. Twelfth 
Edition. Crown 8vo. doth. lor. 6d. 

This manual is now extensivdy used in Schools and ColUges, both in 
England and in the Colonies. It has also been found of great service for 
students preparing for the Middle Class and Cruil and Military Service 
£xamtnationSffrom the care that has been taken toducidatethe principles 
of all the rules. The present edition has been carefully revised, ** To 
all those whose minds are sufficiently developed to comprehend the simplest 
mathematical reasoning, and who have m^ yet thoroughly mastered the 
principles of Arithmetic and Algebra^ it is calculated to be of great 
advantage, " — ^Athen^UM. Of this work, also, one of the highest possible 
authorities, the late Dean Peacock, writes: " Mr. Smithes work is a most 
useful publication. The rules are stated with great clearness. The 
examples are well selected, and worked out with just sufficient detail, 
without being encumbered by too minute explanations ; and there prevails 
throughout it that just proportion of theory and practice which is the 
crowning excdlence of an dementary workJ*^ 

ARITHMETIC FOR SCHOOLS. New Edition. Crown 8vo. 
cloth. 4f. 6d. 

Adapted from the author^ s work on '* Anthmdic and Algdfra,^'* by the 
omission of the algdfraic portion, and by the introduction of new exercises. 
Tlu recuon of each arithmdical process is fully exhibited. The system of 
Decimal Coinage is explained ; and answers to the exercises are appended 
at the end. The Arithmetic is characterised as " admirably adapted for 
instruction, combining just sufficient theory with a large and well-sdected 
collection ofexcercises for practice.*' — JOURNAL OF EDUCATION. 
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Barnard Smith — continued, 

A KEY TO THE ARITHMETIC FOR SCHOOLS. Tenth 
Edition. Crown 8vo. cloth. 8j. 6d, 

EXERCISES IN ARITHMETIC. With Answers. Crown 8vo. 
imp cloth. 2s. 6d, 

Or sold separately, Part I. I j. ; Part II. is. ; Answers, 6d. 

These Exercises have been published in order to give the pupil examples 
in every rule of Arithmetic. The sfr eater number have been carefully 
compiled from the latest University and School Examination Papers, 

SCHOOL CLASS-BOOK OF ARITHMETIC. i8mo. cloth. 3^. 

Or sold separately, Parts I. and II. lo^. each; Part III. \s. 

TJiis manualf published at the request of many schoolmasters, and 
chiefly intended for National and Elementary Schools, has been prepared 
on the same plan as that adopted in the authof*s School Arithmetic, which 
is in extensive circulation in England and abroad. The Metrical Tables 
have been introduced, from the conviction on the part of the author that 
the knowledge of such tables, and the mode of applying them, will be of 
great use to the rising generation, 

KEYS TO SCHOOL CLASS-BOOK OF ARITHMETIC. Com- 
plete in one volume, iSifto. cloth, 6^. &/.; or Parts I., II., and 
III., 2s, 6d, each. 

SHILLING BOOK OF ARITHMETIC FOR NATIONAL AND 
ELEMENTARY SCHOOLS. i8mo. cloth. Or separately, 
Part I. id.; Part II. 3^/.; Part III. "jd. Answers, 6d. 

THE SAME, with Answers complete. i8mo. cloth, is, 6d, 

This Shilling Book of Arithmetic has been prepared for the use of 
National and other schools at the urgent request of numerous Masters of 
schools both at home and abroad. The Explanations of the Rules and 
the Examples will^ it is hoped, be found suited to the most elementary 
classes, 

KEY TO SHILLING BOOK OF ARITHMETIC. i8mo. cloth. 
4^. 6d. 

C 
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Barnard Smith — contintud. 

EXAMINATION PAPERS IN ARITHMETIC. i8mo. cloth. 
IX. (}d. The same, with Answers, i8mo. \s, 9</. 

The object of these Examination Papers is to test students both in the 
theory and practice of Arithmetic, It is hoped that the method adopted 
will lead students to deduce results from general principles rather than 
to apply stated rules. The author belieixs that the practice of giving 
examples under particular rules makes the working of Arithmetic quite 
mechanical f and tends to throw all but very clever boys ojff their balance 
when a general paper on the subject is put before them, 

KEY TO EXAMINATION PAPERS IN ARITHMETIC. 
l8mo. cloth. 4r. td. ' 

THE METRIC SYSTEM OF ARITHMETIC, ITS PRINCIPLES 
AND APPLICATION, with numerous Examples, written 
expressly for Standard V. in National Schools. Fourth Edition. 
i8mo. cloth, sewed, ^d. 

In the New Code of Regulations issued by the Council of Education it 
is stated *' that in all schools children in Standards V, and VI. should 
know the principles of the Metric System, and be able to explain the 
advantages to be gained from uniformity in the method of forming multiples 
and sub'muUi^es of the unit,** In this little book, Mr, Smith clearly 
and simply explains the principle of the Metric System, and in con- 
siderable detail expounds the French system, and its relation to the 
ordinary English method, taking the pupil on as far as Compound 
Diznsion, The book contains numerous Examples, and two wood-cuts 
illustrating the Metric Tables of Surface and Solidity, Answers to the 
Examples are appended, 

A CHART OF THE METRIC SYSTEM, on a Sheet, size 42 in. 
by 34 in. on Roller, mounted and varnished, price 3^. 6^. Fourth 
Edition. 

By the New Educational Code it is ordained that a Chart of the Metric 
System be conspicuously hung up on the walls of every school under 
Gavernmetit inspection. The publishers believe that the present Chart will 
be found to answer all the requirements of the Code, and afford afidl and 
perfectly intdligible view of the principles of the Metric System, The 
principle of the system is clearly stated and illustrated by examples ; the 
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Method of Forming the Tables is set forth ; Tables follow^ clearly showing 
the English equivalent of the French measures of—i. Length ; 2. Surface; 
'^.Solidity; 4. Weight; 5. Capacity, At the bottom of the Chart is drawn 
a full-length Metric Measure, subdivided distinctly and intelligibly into 
Decimetres, Centimetres, and Millimetres, " We do not remember that 
ever we have seen teaching by a chart more happUy carried out, " — School 
Board Chronicle. 

Also a Small Chart on a Card, price \d, 

EASY LESSONS IN ARITHMETIC, combining Exercises in 
Reading, Writing, Spelling, and Dictation. Part I. for Standard 
I. in National Schools. Crown 8vo. 9^, 

Diagrams for School-room walls in preparation. 

From the novel method and the illustrations used this little book cannot 
but tend to make the teaching of Arithmetic even to very young children 
interesting and successful. If the book be used according to the directions of 
the author ^ the method of instruction cannot but prove sound and easy, and 
acceptable to teacher and child. The Standard of Examination fixed by 
the Education Department for 1 872 has been adhered to. The West- 
minster Review says : — " We should strongly adznse everyone to study 
carefully Mr, Barnard Smithes Lessons in Arithmetic, Writing, and 
Spelling, A more excellent little work for a first introduction to know- 
ledge cannot well be written. Mr. Smithes larger Text-books on Arithmetic 
and Algebra are already most favourably known, and he has proved now 
that the difficulty of writing a text-book which begins ab ovo is really sur- 
viountable ; but we shall be much mistaken if this little book has not cost 
its author more thought and mental labour than any of his more elaborate 
text-books. The plan to combine arithmeticcU lessons with those in reading 
and spelling is perfectly novel, and it is worked out in accordance with the 
aims of our National Schools ; and we are convinced that its general in- 
troduction in all elementary schools throughout the country will produce 
great educational cuhantagesJ* 

THE METRIC ARITHMETIC. 

TTiis book will go thoroughly into the principles of the System, intro- 

ducing the money tables of the various countries which have adopted it, 

and containing a very large number of Examples and Examination 

Papers, [Nearly ready, 

C 2 
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Snowball. — ^the elements of plane and spheri- 
cal TRIGONOMETRY ; with the Construction and Use of 
Tables of Logarithms. By J. C Snowball, M. A. Tenth Edition. 
Crown 8to. doth. *js, 6d, 

In preparing the present edition far the press, the text has been 
subjected to a careful revision ; the proofs of some of the more impor* 
tant propositions have been rendered more strut and general ; and more 
than two hundred examples^ taken principally from the questions set of 
late years in the public Examinations of the University and of individual 
Colleges, have been added to the collection of Examples and Problems for 
practice. 

Tait and Steele.— a TREATISE ON dynamics of a 

PARTICLE. With numerous Examples. By Professor Tait and 
Mr. Steele. New Edition, enlai^ed. Crown 8vo. cloth. lar. 6</. 
In this treatise will be found all the ordinary propositions, connected 
with the Dynamics of Particles, which can be conveniently deduced without 
the use of D''Alembert^s Principle, Throughout the book will be found a 
number of illustrative examples introduced in the text, and for the most 
part completely worked out; others with occasioned solutions or hints to 
assist the student are appended to each chapter. For by far the greater 
portion of these, the Cambridge Senaie»House and College Examination 
Papers have been applied to. In the new edition numerous trizHcd errors, 
and a few of a more serious character, have been corrected, while many 
new examples have been added, 

Taylor. — GEOMETRICAL CONICS; including Anharmonic 
Ratio and Projection, with numerous Examples. By C. Taylor, 
B. A., Scholar of St John's ColL Camb. Crown 8vo. cloth. *js, 6d, 

This work contains elementary proof s of the principal properties of Conic 
Sections, together with chapters on Projection and Anharmonic Ratio, 

Tebay.— ELEMENTARY MENSURATION FOR SCHOOLS. 

With numerous Examples. By Septimus Tebay, B.A., Head 

Master of Queen Elizabeth's Grammar School, Rivington. Extra 

fcap. 8vo. 3J. (>d. 

The object of the present work is to enable boys to acquire a moderate 

knowledge of Mensuration in a recLsonahle time. All difficult and useless 

matter hcu been avoided. The examples for the most part are easy^ and 

the rules are concise, * * A very compact useful manucU, " — Spectator. 
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WORKS 
By I. TODHUNTER, M.A., F.R.S., 

Of SL John's CoUege, Cambridge. ! 

** They are all good, and each volume adds to the value of the rest,** — 
Freeman. " Perspicuous language, vigorous investigations, scrutiny of 
difficulties, and methodical treatment, characterise Mr, Todhunter^s works,** 
— Civil Engineer. 

THE ELEMENTS OF EUCLID. For the Use of CoUeges and 
Schools. New Edition. i8mo. cloth. 3^. (id. 

No method of overcoming the difficulties experienced by young students of 
Euclid appears to be so useful as that of breaking up the demonstrations 
into their constituent parts ; a plan strongly recommended by Professor 
De Morgan, In the present Edition each distinct assertion in the argu» 
ment begins a new line ; and at the ends of the lines art placed the 
necessary references to the preceding principles on which the assertions 
depend. The longer propositions are distributed into subordinate parts, 
which are distinguished by breaks at the beginning of the lines. Notes, 
Appendix, and a collection of Exercises are added» 

MENSURATION FOR BEGINNERS. With numerous Examples. 
New Edition. i8mo. cloth. 2s, 6d, 

The subjects included in the present work are those which have usually 
found a place in Elementary Treatises on Mensuration, The mode of 
treatment has been determined by the fact that the work is intended for the 
use of beginners. Accordingly it is divided into short independent chapters, 
which are followed by appropriate examples, A knowledge of the elements 
of Arithmetic is all that is assumed; and in connection with most of the 
Rules of Mensuration it has been found practicable to give such explana- 
tions and illustrations as will supply the place of formal mathematical 
demonstrations, which would have been unsuitable to the character of the 
work, ** For simplicity and clearness of arrangement it is unsurpassed 
by any text-book on the subject * which has come under our notice,** — 
Educational Times. 
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ALGEBRA FOR BEGINNERS. With numerous Examples. New 
Edition. l8mo. doth. 2j. 6^. 

Great pains have been taken to render this work intdUgible to young 
students, by the use of simple language and by copious explanations. In 
determining the subjects to be included and the space to be assigned to each, 
the author has been guided by the Papers given at the various examinations 
in elementary Algebra which are now carried on in this country. The 
book may be said to consist of three parts. The first part contains the 
elementary operations in integral and fractional expressions ; the second 
the solution of equations and problems ; the third treats of various subjects 
which are introduced but rarely into ExamincUion Papers, and are more 
briefly discussed. Provision has at the same time been nuuie for the 
introduction of easy equations and problems at an early stage— for those 
who prefer such a course. 

KEY TO ALGEBRA FOR BEGINNERS. Crown 8vo. cloth, 
dr. 6d. 

TRIGONOMETRY FOR BEGINNERS. With numerous Examples. 
New Edition. i8mo. doth. 2s. 6d. 

Intended to serve as an introduction to the larger treatise on Plane 
Trigonometry, published by the author. The same plan hcu been adopted 
as in the Algebra for Beginners : the subject is discussed in short chapters, 
and a collection of examples is attached to each chapter. The first fourteen 
chapters present the geometrical part of Plane Trigonometry; and contain 
all that is necessary fijr practical purposes. The range of matter included 
is such as seems required by the various examinations in elementary Tri- 
gonometry which are now carried on in this country. Answers are 
appended. 

MECHANICS FOR BEGINNERS. With numerous Examples. 
New Edition. i8mo. doth. ^r. dd, 

Intertded as a companion to the two preceding books. The work forms an 
elementary treatise on demonstrative mechanics. A knowledge of the elements 
at least of the theory of the subject is extremely valuable even for those who 
are mainly concerned with practical results. The author hcu accordingly 
endeavoured to provide a suitable introduction to the study of applied at 
well as of theoretical mechanics. The work consists of two parts, namely ^ 
Statics and Dynamics. It will be found to contain all that is usually 
comprised in elementary treatises on Mechanics, together with someadditions. 
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Todhunter (I.) — continued, 

ALGEBRA. For the Use of Colleges and Schools. Fifth Edition. 
Crown 8vo. cloth. 7j. (>d. 

This work contains all the propositions which are usually included in 
elementary treatises on Algebra^ and a large number of Examples for 
Exercise. The author has sought to render the work easily intelligible to 
students, without impairing the ctccuracy of the demonstrations, or con- 
trading the limits of the subject. The Examples, about Sixteen hundred 
and fifty in number, have been selected with a view to illustrate every part 
of the subject. Each chapter is complete in itself; and the work will be 
found peculiarly adapted to the wants of students who are without the aid 
of a teacher^ The Answers to the Examples, with hints for the solution of 
some in which assistance may be needed, are given at the end of the book. 
In the present edition two New Chapters and Three hundred miscellaneous 
Examples have been added. The latter are arranged in sets, ectch set 
containing ten Examples, ** It has merits which unquestionably place 
it first in the class to which it belongs,^* — Educator. 

KEY TO ALGEBRA FOR THE USE OF COLLEGES AND 
SCHOOLS. Crown 8vo. lar. 6d. 

AN ELEMENTARY TREATISE ON THE THEORY OF 
EQUATIONS. Second Edition, revised. Crown 8vo. cloth. 
7j. 6d. 
This treatise contains all the propositions which are usually included 
in elementary treatises on the theory of Equations, together with Examples 
for exercise. These have been selected from^ the College and University 
Examination Papers, and the results have been given when it appeared 
necessary. In order to exhibit a comprehensive view of the subject, the 
treatise includes investigations which are not found in all the preceding 
elementary treatises, and also some investigations which are not to be found 
in any of them. For the Second Edition the work has been revised and 
some additions have been made, the most important being an account of 
the researches of Professor Sylvester respecting NewtorCs Rule, ** A 
thoroughly trustworthy, complete, and yet not too elaborctte treatise,** 
Philosophical Magazine. 

PLANE TRIGONOMETRY. For Schools and Colleges. Fourth 
Edition. Crown 8vo. cloth. 5/. 

7^ design of this work has been to render the subject intelligible to 
beginners^ and at the same time to afford the student the opportunity of 
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obtaining all the information wkick he will require on this branch of 
Mathematics, Each chapter is followed by a set of Examples: those 
which are entitled Miscellaneous Examples^ together with a few in some 
of the other sets^ may be advantageously reserved by the student for exercise 
after he has made some progress in the subject. In the Second Edition 
the hints for the solution of the Examples have been considerably increased, 

A TREATISE ON SPHERICAL TRIGONOMETRY. New 
Edition, enlai^ed. Crown 8vo. doth. 4r. dd. 

The present worh is constructed on the same plan as the treatise on 
Plane Trigonometry ^ to which it is intended as a sequeL In the account 
of Napiet^s Rules of Circular Parts, an explanation has been given of a 
method of proof devised by Napier, which seems to have been overlooked 
by most modem writers on the subject. Considerable labour hcts been 
bestowed on the text in order to render it comprehensive and accurate, and 
the Examples {^selected chiefly from College Examination Papers) have 
all been carefully verified, ** For educational purposes this work seems 
to be superior to any others on the subject. ^^ — Critic. 

PLANE CO-ORDINATE GEOMETRY, as applied to the Straight 
Line and the Conic Sections. With numerous Examples. Fourth 
Edition, revised and enlarged. Crown 8vo. doth, 'js, 6d, 

The author has here endeavoured to exhibit the subject in a simple 
manner for the benefit of beginners, and at the same time to include in one 
volume all that students usually require. In addition, therefore, to the 
propositions which have always appeared in such treatises, he has inirO' 
duced the methods of abridged notation, which are of more recent origin ; 
these methods, which are of a less elementary character than the rest of the 
work, areplcLced in separate chapters, and may be omitted by the student 
at first, 

A TREATISE ON THE DIFFERENTIAL CALCULUS. With 
numerous Examples. Sixth Edition. Crown 8to. cloth. lox. 6^. 

The author has endeavoured in the present work to exhibit a compre^ 
hensive view of the Differential Calculus on the method of limits. In the 
more elementary portions he has entered into considerable detail in the 
explanations, with the hope that a reader who is without the assistance of a 
tutor may be enabled to acquire a competent acquairUance with the subject. 
The method adopted is that of Differential Coefficients, To the different 
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chapters are appended examples sufficiently numerous to render another 
book unnecessary ; these examples being mostly selected from College Ex" 
amination Papers. ** It has already taken its place as the text'book 
on that jw4/^/."— Philosophical Magazine. 

A TREATISE ON THE INTEGRAL CALCULUS AND ITS 
APPLICATIONS. With numerous Examples. Third Edition, 
revised and enlarged. Crown 8vo. cloth. lor. 6d, 

This is designed as a work at once elementary and complete^ adapted 
for the use of beginners^ and sufficient for the wants of advanced students. 
In the selection of the propositions^ and in the mode of establishing them ^ 
it has been sought to exhibit the principles clearly^ and to illustrate 
all their most important results. The process of summation has been 
repeatedly brought forward^ with the view of securing the attention of 
the student to the notions which form the true foundation of the Calculus 
itself as well as of its most vcUuable applications. Every attempt has been 
made to explain those difficulties which usually perplex beginners^ especially 
with reference to the limits of integrations, A new method has been adopted 
in regard to the transformation of multiple integrals. The last chapter 
deals with the Calculus of Variations, A large collection of exercises^ 
selected from College Examination Papers^ has been appended to the several 
chapters, 

EXAMPLES OF ANALYTICAL GEOMETRY OF THREE 
DIMENSIONS. Third Edition, revised. Crown 8vo. cloth. 

A TREATISE ON ANALYTICAL STATICS. With numerous 

Examples. Third Edition, revised and enlarged. Crown Svo. 

cloth. I or. dd. 

In this work on statics {^treating of the laws of the equilibrium of bodies) 

will be found all the propositions which usually appear in treatises on 

Theoretical Statics, To the different chapters examples are appended^ 

which have been principally selected from University Examination Papers, 

In the Third Edition many additions have been made^ in order to illus* 

trate the application of the principles of the subject to the solution oj 

problems, 

A HISTORY OF THE MATHEMATICAL THEORY OF 
PROBABILITY, from the time of Pascal to that of Laplace. 
8vo. %s. 
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Todhunter (I.) — continued. 

The subject of this volume has high claims to consideration on account of 
the subtle problems which it involves^ the valuable contributions to analysis 
which it has produced^ its important practical applications, and the emi- 
ftence of those who have cultivated it. The subject claims all the interest 
which illustrious names can confer : nearly every grmt mathematician 
within the range of a century and a half comes up in the course of the 
history. The present work, though principally a history, may claim the 
title of a comprehensive treatise on the Theory of Probability, for it assumes 
in the reader only so much knowledge as can be gained from an eletttentary 
book on Algebra, and introduces him to almost every process and every 
species of problem which the literature of the subject can furnish. The 
author has been careful to reproduce the essential dements of the original 
works which he has analysed, and to corroborate his statements by exctct 
quotations from the originals, in the languages in which they were 
published, 

RESEARCHES IN THE CALCULUS OF VARIATIONS, 
principally on the Theory of Discontinuous Solutions : an Essay 
to which the Adams Prize was awarded in the University of Cam- 
bridge in 1 871. 8vo. 6s. 

The subject of this Essay was prescribed in the following terms by the 
Examifters : — ** A determination of the circumstances under which dis- 
continuity of any kind presents itself in the solution of a problem of 
maximum or minimum in the Calculus of Variations, and applications to 
particular instances. It is expected that the discussion of the instances 
should be exemplified as far as possible geometrically, and that attention be 
especially directed to cases of reed or supposed failure of the Calculus. ^^ The 
Essay, then, is mainly devoted to the consideration of discontinuous solutions; 
but incidentally various other questions in the Calculus of Variations are 
examined and elucidated. The author hopes that he has definitely contri' 
buted to the extension and improvement of our knowledge of this refined 
department of analysis. 



Wilson (J. M.)— ELEMENTARY GEOMETRY. Books 
I. II. III. containing the subjects of Euclid's First Four Books 
following the Syllabus of Geometry prepared by the Geometrical 
Association. Third Edition. Extra fcap. 8vo. 3J. 6^. By J. M. 
"^ViLSON, M.A., late Fellow of SL John's College, Cambridge, 
Mathematical Master of Rugby School.^ 
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Wilson (J. M.) — continued, 

SOLID GEOMETRY AND CONIC SECTIONS. With Appen- 
dices on Transversals and Harmonic Division. For the use of 
Schools. By J. M. WiLSON, M.A, Second Edition. Extra fcap. 
8vo. 3/, dd. 

This work is an endeavour to introduce into schools some portions of 
Solid Geometry which are now very little read in England, The first 
twenty-one Propositions of Euclid* s Eleventh Book are usually all the 
Solid Geometry that a boy reads till he meets with the subject again in the 
course of his analytical studies. And this is a matter of regret^ because 
this part of Geometry is specially valuable and attractive. In it the atten* 
tion of the student is strongly called to the subject matter of the reasoning; 
the geometrical imagination is exercised ; the methods employed in it 
are more ingenious than those in Plane Geometry^ and have greater diffi- 
culties to meet; and the applications of it in practice are more varied, 

Wilson (W. P.)— A TREATISE ON DYNAMICS. By 
W. P. Wilson, M.A., Fellow of St. John's College, Cambridge, 
and Professor of Mathematics in Queen's College, Belfast. 8vo, 

*^This^ treatise supplies a great educationcU need,^* — Educational 
Times, 

Wolstenholmc— A book of mathematical 

PROBLEMS, on Subjects included in the Cambridge Course. 
By Joseph Wolstenholme, Fellow of Christ's College, some- 
time Fellow of St John's College, and lately Lecturer in Mathe- 
matics at Christ's College. Crown 8vo. cloth. 8/. 6d, 

CoSTUVTSi-^Geometry {Euclid) — Algebra — Plane Trigonometry — 
Geometrical Conic Sections — AncUytical Conic Sections — Theory of Equa* 
tions^-Differential Calculus — Integral Calculus — Solid Geometry — Stettics 
— Elementary Dynamics — Newton — Dynamics of a Point — Dynamics of 
a Rigid Body— Hydrostatics-^Geometrical Optics— 'Spherical Trigonometry 
and Plane Astronomy, ** Judicious^ symmetriccdf and well arranged** — 
Guardian. 
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SCIENCE. 

ELEMENTARY CLASS-BOOKS. 

The importance of Science as an element of sound educa- 
tion is now generally acknowledged; and accordingly it 
is obtaining a prominent place in the ordinary course of 
school instruction. It is the intention of the Publishers to 
produce a complete series of Scientific Manuals, affording 
full and accurate elementary information, conveyed* in clear 
and lucid English, The authors are well known as among 
the foremost men of their several departments ; and their 
names form a ready guarantee for the high character of the 
books. Subjoined is a list of those Manuals that have 
already appeared, with a short account of each. Others 
are in active preparation ; and the whole will constitute a 
standard series specially adapted to the requirements of be- 
ginners, whether for private study or for school instruction. 

ASTRONOMY, by the Astronomer Royal. 

POPULAR ASTRONOMY. With lUustrations. By Sir G. B. 
Airy, K.C.B., Astronomer Royal. New Edition. i8mo. 
cloth. 4r. dd, 

TTiis work consists of six lectures^ which are intended " to explain to 
intelligent persons the principles on which the instruments of an Observa' 
tory are constructed (omitting all details, so far as they are merely sub* 
sidiary)^ and the principles on which the observations made with these 

''^4ments are treated for deduction of the distances and weights of the 
^ the Solar System, and of a few stars, omitting all minutia of 
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Elementary Class- Books — continued, 

formula^ and all troublesome details of calcttlaiion, " The speciality of this 
volume is the direct reference of every step to the Observatory ^ and the full 
description of the methods and instruments of observation, 

ASTRONOMY. 

MR. LOCKYER'S ELEMENTARY LESSONS IN ASTRO- 
-NOMY. With Coloured Diagram of the Spectra of the Sun, 
Stars, and Nebulae, and numerous Illustrations. By J. Norman 
LocKYERj F.R.S. New Edition. i8mo. $s, 6d, 

The author has here aimed to give a connected view of the whole subject^ 
and to supply facts^ dnd idecu founded on thefacts^ to serve as a basis for 
subsequent study and discussion. The chapters treat of the Stars and 
Nebula; the Sun; the Solar System; Apparent Movements of the Heavenly 
Bodies; the Measurement of Time ; Light; the Telescope and Spectroscope; 
Apparent Places of the Heavenly Bodies ; the Real Distances and Dimen- 
sions; Universal Gravitation, The most recent astronomical discoveries 
are incorporated, Mr. Lockyei^s work supplements that of the Astronomer 
Royal mentioned in the previous article. " The book is fully clear ^ sound ^ 
and worthy of attention^ not only as a popular exposition^ but cts a scientific 
* IndexJ " — AxHENiEUM. " The most fascinating of elementary books 
on the Sciences.^* — Nonconformist. 

QUESTIONS ON LOCKYER'S ELEMENTARY LESSONS 
IN ASTRONOMY. For the Use of Schools. By John Forbes- 
Robertson. i8mo. doth limp. is. 6d. 

PHYSIOLOGY. 

PROFESSOR HUXLEY'S LESSONS IN ELEMENTARY 
PHYSIOLOGY. With numerous Illustrations. By T. H. 
Huxley, F.R.S., Professor of Natural History in the Royal Sdiool 
of Mines. New Edition. i8mo. doth. ^. 6d. 

Tikis book describes and explains, in a series of graduated lessons, the 
principles of Human Physiology ; or the Structure and Functions of the 
Human Body, TTte first lesson supplies a general view of the subject. 
This is followed by sections on the Vascular or Venous System^ and the 
Circulation ; the Blood and the Lymph ; Respiration ; Sources of I oss 
and of Gain to the Blood; the Function of Alimentation ; Motion and 
Locomotion; Sensations and Sensory Organs; the Organ of Sight ; tk^ 
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Coalescence of Senscttions with one another and with other States of Con^ 
sciousness : the Nervous System and Innervation; Histology , or the 
Minute Structure of the Tissues, A Table of AncUomical and Physio- 
logical Constants is appended. The lessons are fully illustrated by 
numerous engravings. The new edition has been thoroughly revised, and 
a considerable number of new illustrations added, several of these having 
been taken from the rabbit, the sheep, the dog, and the frog, in order to aid 
those who attempt to make their knowledge real by acquiring some practical 
acquaintance with the facts of Anatomy and Physiology. ** Pure gold 
throughout.** — GUARDIAN. " Unquestionably the clearest and most 
complete elementary treatise on this subject that we possess in any Ian- 
guage.*' — Westminster Review. 

QUESTIONS ON HUXLEY'S PHYSIOLOGY FOR SCHOOLS. 
ByT. Alcock, M.D. i8mo. is. 6d, 

These Questions were drawn up as aids to the instruction of a class of 
young people in Physiology, 

BOTANY. 

PROFESSOR OLIVER'S LESSONS IN ELEMENTARY 
BOTANY. With nearly Two Hundred lUustrations. New 
Edition. i8mo. cloth. 4r. 6d. 

This book is designed to teach the Elements of Botany on Professor 
Henslffufs plan of selected Types and by the use of Schedules, The earlier 
chapters, embracing the dements of Structured and Physiological Botany^ 
introduce us to the methodical study of the Ordinal Types, The con- 
cluding chapters are entitled, ^^ How to dry Plants*'* and ** How to 
describe Plants** A valuable Glossary is appended to the volume. In 
the preparation of this work free use hcu been made of the manuscript 
materials of the late Professor Henslow, 

CHEMISTRY. 

PROFESSOR ROSCOE'S LESSONS IN ELEMENTARY 
CHEMISTRY, INORGANIC AND ORGANIC. By Henry 
E. RoscoE, F.R.S., Professor of Chemistry in Owens College, 
Manchester. With numerous Illustrations and Chromo-Litho of 
! the Solar Spectrum, and of the Alkalies and Alkaline Earths, 
New Edition. i8mo. cloth. ^.6d, 
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Elementary Class-Books — continued. 

It has been the endeavour of the author to arrange the most important 
facts and principles of Modem Chemistry in a plain but concise and 
scientific form, suited to the present requirements ofdementary instruction. 
For the purpose of facilitating the attainment of excutUude in the knowledge 
of the subject, a series of exercises and questions upon the lessons have been 
added. The metric system of weights and measures, and the centigrade 
thermometric scale, are used throughout the work. The New Edition^ 
besides new wood-cuts, contains many additions and improvements, and 
includes the most important of the latest discoveries, ** As a standard 
general text-book it deserves to take a leading place, " — S PECTATOR. * ' We 
unhesitatingly pronounce it the best of all our elementary treatises on 
Chemistry," — Medical Times. 

In ordering, please specify Macmillan^s Edition. 

POLITICAL ECONOMY. 

POLITICAL ECONOMY FOR BEGINNERS. By Millicent 
G. Fawcett. New Edition. i8mo. 2s, 6d, 

This work has been written mainly with the hope that a short and 
elementary book might help to make Political Economy a more popular 
study in boyi and girU schools. In order to adapt the book especially for 
school use, questions have been added at the end of each chapter. In the 
New Edition each page has been carefully revised, and at the end of each 
chapter after the questions a few little puzzles have been added, which wil^ 
add interest to the book and teach the learner to think for himself, * * Clear, 
compact, and comprehensive, ' ' — Daily News. * * 77ie rdoHons of capital 
and labour have neuer been more simply or mare clearly expounded," — 
Contemporary Review. 

LOGIC. 

ELEMENTARY LESSONS IN LOGIC ; Deductive and Induc- 
tive, with copious Questions and Examples, and a Vocabulary of 
Logical Terms. By W. Stanley Jevons, M. A. , Professor of Logic 
in Owois College, Manchester; New Edition. i8mo. 3J. dd. 

In preparing these Lessons the author has attempted to show that Logic, 
even in its traditional form, can be made a highly useful subject of study, 
and a powerful means of mental exercise. With this view he has avoided 
the use of superfluous techniccU terms, and has abstained from entering 
into questions of a purely speculative or metaphysical, character. For the 
puerile illustrations too often found in works on Logic, examples dro-- 
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from the distinct objects and ideas treated in the natural and experimental 
sciences have been generally substituted. At the end of almost every 
Lesson will be found references to the works in which the student wUl most 
profitably continue his reading of the subject treated^ so thcU this little 
volume may serve as a guide to a more extended course of study. The 
Guardian thinks ^^ nothing can be better for a school-book^^* and the 
ATHENiGUM calls it ** a manual alike simple, interesting, and scientific,** 

PHYSICS. 

LESSONS IN ELEMENTARY PHYSICS. By Balfour 
Stewart, F.R.S., Professor of Natural Philosophy m Owens 
College, Manchester. With numerous Illustrations and Chromo- 
liths of the Spectra of the Sun, Stars, and Nebulae. New Edition. 
i8mo. 4r. 6d, 

A description, in an elementary manner, of the most important of those 
laws which regulate the phenomena of nature. The active agents, heat, 
light, electricity, etc., are regarded as varieties of energy, and the work is 
so arranged that their rdation to one another, looked at in this light, and 
the paramount importance of the laws of energy, are clearly brought out, 
TTu volume contains all the necessary illustrations, and a plate represent- 
ing the Spectra of Sun, Stars, and Nebula, forms a frontispiece. The 
Educational Times ccdls this ** the beau ideal of a scientific text-book, 
clear, accurate, and thorough,** 

PRACTICAL CHEMISTRY. 

THE OWENS COLLEGE JUNIOR COURSE OF PRAC- 
TICAL CHEMISTRY. By Francis Jones, Chemical Master 
in the Grammar School, Manchester, With Preface by Professor 
Roscoe. With Illustrations. New Edition. i8mo. 2j. dd. 

This little book contains a short description of a course of Practical 
Chemistry, which an experience of many years has proved suitable for 
those comm>encing the study of the science. It is intended to supplement, 
not to supplant, instruction given by the teacher. The subject-matter has 
been very carefully compiled, and many useful cuts are introduced, 

ANATOMY. 

LESSONS IN ELEMENTARY ANATOMY. By St. George 
MiVART, F.R.S., Lecturer in Comparative Anatomy at St Mary's 
Hospital. With upwards of 4XX> Illustrations. i8mo. 6j. ^d. 
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These Lessons are intended for teachers and students of both sexes not 
already acquainted with Anatomy, The author hcts endeavoured^ by 
certain additions and by the mode of treatment^ also to fit them for students 
in medicine t and generally for those acquainted with human anatomy^ but 
desirous of learning its more significant relations to the structure of other 
anitnals. The Lancet saysy " // may be questioned whether any other 
work on Anatomy contains in like compass so proportionately great a mass 
of information" The Medical Times remarks^ ** The tuork is excellent ^ 
and should be in the hands of every student of human anatomy," 

MANUALS FOR STUDENTS. 

Flower (W. H.)— an introduction to the oste- 
ology OF THE MAMMALIA. Being the substance of 
the Course of Lectures delivered at the Royal College of Surgeons 
of England m 1870. By W. H. Flower, F.R.S., F.R.C.S., 
Hunterian Professor of Comparative Anatomy and Physiology. 
With numerous Illustrations. Globe 8vo. yj. td. 

Although the present work contains the substance of a Course of Lectures , 
the form has been changed^ so as the better to adapt it as a handbook for 
students. Theoretical views have been almost entirely excluded: and while 
tt ts impossible in a scientific treatise to avoid the employment of technical 
terms, it has been the author* s endeavour to use no more than absolutely 
ftecessary, and to exercise due care in selecting only those that seem most 
appropriate, or which have received the sanction of general adoption. With 
a very few exertions the illustrations have been drawn expressly for this 
work from specimens in the Museum of the RoycU College of Surgeons, 

Hooker (Dr.)— THE STUDENT'S FLORA OF THE 

BRITISH ISLANDS. By J. D. Hooker, C.B., F.R.S., 

M.D., D.C.L., Director of the Royal Gardens, Kew. Globe 

8vo. \os, 6d, 

The object of this work is to supply students and field-botanists with a 

fuller account of the Plants of the British Islands than the manuals 

hitherto in use aim at gtving. The Ordinal, Generic, and Specific 

characters have been re-written, and are to a great extent original, and 

drawn from living or dried specimens, or both, * * Cannot fail to perjectly 

fulfil the purpose for which it is intended,"— IoAND and Watek^ 

* * Containing the fullest and most cucur ate manual of the kind that has yd 

appeared,"— Vaia. Mall Gazette. 

D 
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Oliver (Professor) — first book OF INDIAN botany. 

By Daniel Oliver, F.R.S., F.L.S., Keeper of the Herbariiun 
and Library of the Royal Gardens, Kew, and Professor of Botany 
in University College, London. With numerous Illustrations. 
Extra fcap. 8vo. 6s. (>d. 

This manual is, in substance, the author's ^^ Lessons in Elementary 
Botany" adapted for use in India, In preparing it he has had in view 
the want, often felt, 0/ some handy TG&um6 0/ Indian Botany, which might 
be sendceable not only to residents of India, but also to any one about to 
proceed thither, desirous of getting some preliminary idea of the Botany of 
t/iat country. * * // contains a well-digested summary of all essential know^ 
ledge pertaining to Indian botany, wrought out in accordance with the best 
principles of scientific -arrangement. *' — Allen's Indian Mail. 

Other volumes of these Manuals will follow. 



Ball (R. S., A.M.)— EXPERIMENTAL MECHANICS. 
A Course of Lectures delivered at the Royal College of Science 
for Ireland, By Robert Stawell Ball, A.M., Professor of 
Applied Mathematics and Mechanics in the Rojral College of 
Science for Ireland (Science and Art Department). Royal 8vo. 
1 6 J. 

The authof^s aim has been to create in the mind of the student physical 
ideas corresponding to theoretical laws, and thus to proditce.xi work which 
may be regarded either as a supplement or an itUroduction to manuals of 
theoretic mechanics. To realize this design, tlie copious use of experimental 
illustrations was necessary. The apparatus used in the Lectures, and 
figured in the volume, has been principally built upfront Professor Willises 
most admirable system. In the selection of the subjects^ the qtustion of 
practical utility has in many cases been regarded cu the one of paramount 
importance. The eletnentary truths of Mechanics are too well known to 
admit of novelty, but it is believed that the mode of treatment which is 
adopted is more or less original. This is especially the case in the Lectures 
relating to friction, to the mechanical ponvers, to the strength of timber and 
structures, to the laws of motion, and to the pendulum^ The UlustrcUionsy 
drawn from the apparatus, are nearly all original^ and are beautifully 

^cuted. 
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Clodd.— THE CHILDHOOD OF THE WORLD: a Simple 
Account of Man in Early Times. By Edward Clodd, F.R.A.S. 
Second Edition. Globe 8vo. 3^. 

Professor Max Muller, in a letter to the Author^ says: ^^ I read 
your book with great pleasure. I have no doubt it ivill do good^ and I 
hope you will continue your work. Nothing spoils our temper so much as 
having to unlearn in youth^ manhood,^ and even old age^ so many things 
which we were taught as children. A book like yours will prepare a far 
better soil in the child^s mind, and I was delighted to have it to read to 
my child ren.^^ 

Cooke (Josiah P., Jun.)— first principles of 

CHEMICAL PHILOSOPHY. By Josiah P. Cooke, Jun., 
Ervine Professor of Chemistry and Mineralogy in Harvard College. 
Crown 8vo. 12s. 

The object of the author in this book is to present the philosophy of 
Chemistry in such a form that it can be made with profit the subject of 
College recitations^ and furnish the teacher with the means of testing the 
student^ faithfulness and ability. With this view the subject has been 
developed in a logical order^ and the principles of the science are taught 
independently of the experimental evidence on which they rest, 

Guillemin.— THE FORCES OF NATURE: a Popular Intro- 
duction to the study of Physical Phenomena. By Amedee Guille- 
min. Translated from the French by Mrs. Norman Lockyer, 
and Edited, with Additions and Notes, by J. Norman Lockyer, 
F.R.S. With II Coloured Plates and 455 Woodcuts. Second 
Edition. Royal 8vo. cloth, gilt. 31J. td. 

** Translator and Editor have done justice to their trust. The text has 
all the force and flow of original writings combining faithfulness to the 
author's meaning with purity and independence in regard to idiom ; while 
the historical precision and accuracy pervading the work throughout, speak 
of the watchful editorial supervision which has been given to every scientific 
detail, . . . Altogether, the work may be said to have no parallel, either in 
point offulftess or attraction, as a poptUar manual of physical science." — 
Saturday Review. 

D 2 
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Lockyer.— THE SPECTROSCOPE AND ITS APPLICA- 
TIONS. By J. Norman Lockyer, F.R.S. With Coloured 
Plate and numerous illustrations. Second Edition. Crown 8vo. 
y, 6d, 

This farms volume one of "Nature SerieSy" a Series of Popular 
Scientific Works now in course of publication^ consisting of popular and 
instructive works^ on particular scientific subjects — Scientific Discovery^ 
Applications^ History^ Biography — by some of the most eminent scientific 
men of the day. They will be so written as to be interesting and intelli- 
gible even to non-scientific readers, Mr, Lockye^s work in Spectrum 
Analysis is widely known. In the present short traitise will be found an 
exposition of the principles on which Spectrum Analysis rests, a description 
of the various kinds of Spectroscopes, and an account of what has already 
been done with the instrument, as well as of tvhat tnay yet be done both in 
science and in the industrial arts. 

Roscoe (H. E.)— SPECTRUM ANALYSIS. Six Lectures, 
with Appendices, Engravings, Maps, and Chromolithographs. 
By H. E. Roscoe, F.R.S., Professor of Chemistry in Owens 
College, Manchester. Third Edition, revised throughout. Royal 
8vo. 2 1 J. 

" In six lectures he has given the history of the discovery and set forth 
the facts relating to the analysis of light in such a way that any reader of 
ordinary intelligence and information will be able to understand what 
* Spectrum Analysis ' is, and what are its claims to rank among the most 
signal triumphs of science of which even this century can boast.'* — NON- 
CONFORMIST. " TTie illustrations — no unimportant part of a book on 
such a subject — are marvds of wood-printing, and reflect the clearness 
which is the distinguishing merit of Mr. Roscois explanations. '^ — 
Saturday Review. ** The lectures themselves furnish a most ad- 
mirable elementary treatise on the subject, whilst by the insertion in 
appendices to ecuh lecture of extracts from the most important published 
memoirs, the author has rendered it equally valuable as a text-book 
for advanced students J* — Westminster Review. 

Thorpe (T. E.)_a series of chemical problems, 

for use in Colleges and Schools. Adapted for the preparation of 
Students for the Government, Science, and Society of Arts Ex- 
mmations. With a Preface by Professor Roscoe. i8mo. 
^h. \s. 
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In the Preface Dr. Roscoe says — " My experience has led me to feel more 
and more strongly that by no method can accuracy in a knowledge of 
chemistry he more surely secured than by attention to the working of well- 
selected problems^ and Dr, Thorpe* s thorough acquaintance with the wants 
of the student is a sufficient guarantee that this selection has been carefully 
made. I intend largely to use these questions in my own classes ^ and I can 
confidently recommend them to all teachers and students of the science,''* 

WurtZ.— A HISTORY OF CHEMICAL THEORY, from the 
Age of Lavoisier down to the present time. By Ad. Wurtz. 
Translated by Henry Watts, F.R.S. Crown 8vo. dr. 

** The treatment of the subject is admirable^ and the translator has 
evidently done his duty most efficiently.** — Westminster Review. 
" The discourse^ cu a r^sum^ of chemiccU theory and research^ unites 
singular luminousness and grasp. A few judicious notes are added by the 
translator** — Pall Mall Gazette. 
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SCIENCE PRIMERS FOR ELEMENTARY 

SCHOOLS, 

The necessity of commencing the teaching of Science in Schools at an 
early stage of the pupil's course has now become generally recog- 
nized, and is enforced in all Schools under Government inspection. 
For the purpose of facilitating the introduction of Science 
Teaching into Elementary Schools, Messrs. Macmillan are now 
publishing a New Series of Science Primers, under the joint 
Editorship of Professors Huxley, Roscoe, and Balfour 
Stewart. The object of these Primers is to convey information 
in such a manner as to make it both intelligible and interesting to 
pupils in the most elementary classes. They are clearly printed on 
good paper, and illustrations are given whenever they are necessary 
to the proper understanding of the text. The following are just 
published : — 

PRIMER OF CHEMISTRY. By H. E. Roscoe, Professor of 
Chemistry in Owens College, Manchester. i8mo. is. Second 
Edition. 

PRIMER OF PHYSICS. By Balfour Stewart, Professor of 
Natural Philosophy in Owens College, Manchester. i8mo. u. 
Second Edition. 

PRIMER OF PHYSICAL GEOGRAPHY. By Archibald 
Geikie, F, R. S., Murchison-Professor of Geology and Mineralogy 
at Edinburgh. Second Edition. i8mo. is. 

Everyone ought to know something about the air we breathe and the 

earth we live upon, and about the relations between them; and in this 

little work the author wishes to shoiv what sort of questions may be put 

about some of the chief parts of the book of nature, and especially about two 

^ them — the Air and the Earth, The divisions of the book are as 

ws:—The Shape of the Earth— Day and Night— The Air— The 

dation of Water on the Land— The Sea— The Inside of the Earth. 
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In these Manuals the authors have aimedy not so much to give informa' 
tiony as to endeavour to discipline the mind in a way which has not 
hitherto been customary^ by bringing it into immediate contact with 
Nature herself. For this purpose a series of simple experimefits {to be 
performed by the teacher) has been devised ^ leading up to the chief truths 
of each Science. Thus the power of observation in the pupils will be 
awakened and strengthened. Each Manual is copiously illustrated^ and 
appended are lists of all the necessary apparatus^ with prices^ and 
directions as to haw they may be obtained. Professor Huxley's introduc- 
tory volume has been delayed through the illness of the author^ but it is 
now expa:ted to appear very shortly. " They are xvonderfully clear and 
lucid in their instruction^ simple in style, and admirable in plan.^^ — 
Educational Times. 

In preparation : — 

INTRODUCTORY. By Professor Huxley. 

PRIMER OF GEOLOGY. By Archibald Geikie, F.R.S. 

Uust reaoy^ 

PRIMER OF BOTANY. By Dr. Hooker, C.B., F.R.S. 
PRIMER OF ASTRONOMY. By J. Norman Lockyer, F.R.S. 

^c. &'c. 
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MISCELLANEOUS. 

Abbott.— A SHAKESPEARIAN GRAMMAR. An Attempt to 
illustrate some of the Differences between Elizabethan and Modem 
English, By the Rev. E. A. Abbott, M. A., Head Master of the 
City of London School. For the Use of Schools. New and 
Enlarged Edition. Extra fcap. 8vo. 6^*. 

T%e object of this work is to furnish students of Shakespeare and Bacon 
7uith a short systematic account of some points of difference between Eliza- 
bethan syntax and our own, A section on Prosody is added, and Notes 
and Questions, The success which has attended the First and Second 
Editions of the "Shakespearian Grammar," a»^ the demand for a 
Third Edition within a year of the publication of the First, have encouraged 
the author to endeavour to make the work somewhat more useful, and to 
render it, as far cu possible, a complete book of reference for all difficulties of 
Shakespearian syntax or prosody. For this purpose the whole of Shake- 
speare has been re-read, and an attempt has been made to include within 
this Edition the explanation of every idiomcUic difficulty that comes within 
the province of a grammar cts distinct from a glossafy. The great object 
being to make a useful book of reference for students, and especially for 
classes in schools, several Plays haife been indexed so fully that with the aid 
of a glossary and historical notes the references will serve for a complete com- 
mentary. ** A critical inquiry, conducted with great skill and knowledge, 
and with all tfu appliances of modern philology .... We venture to believe 
that those who consider themselves most proficient as Shakespearians will 
find something to learn from its pages.** — Pall Mall Gazette. 
" Vcduable not only as an aid to the critical study of Shakespeare, but 
as tending to familiarize the recuier with Elizabethan English in 
general.^* — ATHENiEUM. 

Berners.— FIRST LESSONS ON health. By J. Ber- 

NERS. l8mo. IS, Third Edition. 

This little book consists of the notes of a number of simple lessons on 
^itary subjects given to a class in a National School, and listened to 
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with great interest and intelligence. They have been made as easy and 
familiar as possible^ and as far as they go may be deemed perfectly trust- 
worthy. One of the author's main attempts has been^ to translate the 
concise and accurate language of science into the colloquial nursery 
dialect comprehensible to children. The book will be found of the highest 
value to all who have the training of children^ who, for want of knowing 
what this little book teaches^ too often grow up to be unhealthy y defective 
men and women. The Contents are — /. Introductory, II, Fresh Air, 
III, Food and Drink, IV, Warmth, V, Cleanliness, VI,. Light, 
VIL Exercise, VIII Rest, 

Besant.— STUDIES in early French poetry. By 

Walter Besant, M.A. Crown 8vo. %s, 6d, 

A sort of impression rests on most minds that French literature begins 
with the ^'siicle de Louis Quatorze;" any previous literature being for 
the most part unknown or ignored. Few knew anything of the enormous 
literary activity that began in the thirteenth century ^ was carried on by 
Rulebeuf Marie de France^ Gaston de Foix^ Thibault de Champagne^ 
and Lorris ; was fostered by Charles of Orleans, by Margaret of Valois, 
by Francis the First ; that gave a crowd of versifiers to France, enriched, 
strengthened, developed, and fixed the French language, and prepared the 
way for Corneille and for Racine, The present work aims to afford 
information and direction touching these early efforts of France in poetical 
literature, * * In one moderately sized volume he has contrived to introduce 
us to the very best, if not to all of the early French poets,^^ — Athenaeum. 
^^ Industry, the insight of a scholar, and a genuine enthusiasm for his 
subject, combine to make it of very considerable value,^^ — Spectator. 

Calderwood.— HANDBOOK OF MORAL PHILOSOPHY. 
By the Rev. Henry Calderwood, LL.D., Professor of Moral 
Philosophy, University of Edinburgh. Second Edition. Crown 
8vo. 6j. 

While in this work the interests of University Students heme been con- 
stantly considered, the author has endeavoured to produce a book suitable 
to those who wish to prosecute prvvcUely the study of Ethical questions. 
The author has aimed to present the chief problems of Ethical Science, to 
give an outline of discussion under each, and to afford a guide for private 
study by references to the Literature of the Science, The uniform object 
has been to give a careful representation of the conflicting theories, supplying 
the reader with materials for independent judgment. 
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Cameos from English History. — SeeYoNGE(C. M.) 
Delamotte. — a beginner's drawing book. By p. H. 

Delamotte, F.S.A. Progressively arranged, with upwards of 
Fifty Plates. Crown 8vo. Stiff covers. Zr. dd. 

This work is inUnded to give such instruction to Btginna'sin Drawings 
and to place before them copies so ectsy^ that they may not find euty obstaeU 
in making the first step. Thenceforward the lessons are gradually 
progressive. Muhanical improvements, too, have lent their aid., The whole 
of the Plates have been engraved by a new process, by means of which a 
varying depth of tone — up to the present time the distinguishing character^ 
istic of pencil drawing — hcu been imparted to woodcuts. ** We have seen 
and examined a great many drawing-books, but the one now before us strikes 
us as being the best of them all." — Illustrated Times. " A concise, 
simple, and thoroughly practical work. The letter-press is throughout 
intelligible and to the point." — Guardian. 

D'Oursy and Feillet.— a FRENCH GRAMMAR AT 

SIGHT, on an entirely new method. By A. D'Oursy and 
A. Feillet. Especially adapted for Pupils preparing for Ex- 
amination. Fcap. 8vo. cloth extra. 2s. 6d. 

The method followed in this volume consists in presenting the grammar 
as much as possible by synoptical tables, which, striking the eye at once, and 
following throughout the same order — ** used — not used ;" "changes — 
does not change " — are easily remembered. The parsing tables will enable 
the pupil to parse easUy from the beginning. The exercises consist of 
translations from French into English, and from English into French ; 
and of a number of grammatical questions. 

Green. — a history of the English people. By the 

Rev. J. R. Green, M.A. For the use of Colleges and Schools. 
Crown 8vo. ^s. 6d. 

Hales* — longer English poems, with Notes, PhUological 
and Explanatory, and an Introduction on the Teaching of English. 
Chiefly for use in Schools. Edited by J. W. Hales, M.A., late 
Fellow and Assistant Tutor of Christ's Coll^[e, Cambridge, 
Lecturer in English Literature and Classical Composition at King's 
""ollege School, London, &c. &c. Extra fcap. 8vo. 4s. 6d. 



MISCELLANE OUS. 59 

Tkis work has been in preparation for some years ^ and part of it has 
been used as a class-book by the Editor, It is intend&i as an aid to the 
Critical study of English Literature^ and contains one or more of the 
larger poems, each complete, of prominent English authors, from Spenser 
to Shelley, including Burn^ ^* Cotter's Saturday Night ^^ and ^^Twa 
Dogs.'^ In all cases the original spelling and the text of the best editions 
have been given : only in one or two poems has it been deemed necessary 
to make slight omissions and changes, ^^ that the reverence due to boys 
might be well observed^ The Introduction consists of Suggestions on 
Teaching of English. TJie latter half of the volume is occupied with 
copious notes, critical, etymological, and explanatory, calculated to give 
the learner much insight into the structure and connection of the English 
tongue. An Index to the Notes is appended, 

Helfenstein (James).— a comparative grammar 

OF THE TEUTONIC LANGUAGES. Being at the same 
time a Historical Grammar of the English Language, and comprising 
Gothic, Anglo-Saxon, Early English, Modem English, Icelandic 
(Old Norse), Danish, Swedish, Old High German, Middle High 
German, Modem German, Old Saxon, Old Frisian, and Dutch. 
By James Helfenstein, Ph.D. 8vo. i8j. 

This work traces the different stages of development through which 
the various Teutonic languages have passed, and the laws which have 
regulated their growth. The reader is thus enabled to study the relation 
which these languages bear to one another, and to the English language in 
particular^ to which special attention is devoted throughout. In the 
chapters on Ancient and Middle Teutonic Languages no grammatical form 
is omitted the knowledge of which is required for the study of ancient 
literature, whether Gothic, or Anglo-Saxon, or Early English, To each 
chapter is prefixed a sketch showing the relation of the Teutonic to the 
cognate languages, Greek, Latin, and Sanskrit, Those who have mastered 
the book will be in a position to proceed with intelligence to the more 
elaborate works of Grimm, Bopp, Pott, Schleicher, and others. 

Hole.— A GENEALOGICAL STEMMA OF THE KINGS OF 
ENGLAND AND FRANCE. By the Rev. C. Hole. On 
Sheet, is. 

The different families are printed in distinguishing colours, thus 
fctcilitating reference. 
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Jephson.— SHAKESPEARE'S "TEMPEST." With Glossarial 
and Explanatory Notes. By the Rev. J. M. Jephson. Second 
Edition. i8mo. is. 

It is important to find some substitute for classical study ^ and it is 
believed that such a substitute may be found in the Plays of Shakespeare, 
For this purpose the present edition of the " Tempest" has been prepared. 
The introduction treats briefly of the value of the study of language, the 
fable of the play, and other points. The notes are intended to teach the 
student to ancUyse every obscure sentence and trace out the logical sequence 
ofthepod^s thoughts ; to point out the rules of Shakespear^s versification ; 
to explain obsolete words and meanings ; and to guide the students taste by 
directing his attention to such passages as seem especially worthy of note for 
their poetical beauty or truth to nature. The text is in the main founded 
upon that of the first collected edition of ShakespearSs Plays, 

Kington-Oliphant. — THE SOURCES OF STANDARD 
ENGLISH. By J. KiNGTON-OLrPHANT. Globe 8vo. 6j. 

Martin.— THE POETS HOUR: Poetry Selected and Arranged 
for Children. By Frances Martin. Second Edition. i8mo. 
2.S. 6d. 

This volume consists of nearly 200 Poems selected from the best Poets, 
ancient and modern, and is intended mainly for children between the ages 
of eight and twelve, 

SPRING-TIME WITH THE POETS. Poetry selected by Frances 
Martin. Second Edition. i8mo. 35. 6d, 

This is a selection of poetry intended mainly for girls and boys between 
the ages of twelve and seventeen, 

Masson (Gustave). — a french-english and eng- 

LISH-FRENCH DICTIONARY. By Gustave Masson, B. A., 
Assistant Master in Harrow School. Small 4to. dr. 

M'Cosh (Rev. Principal). — For other Works by the same 
Author, see Philosophical Catalogue, 

THE LAWS OF DISCURSIVE THOUGHT. Being a Text-Book 
of Formal Logic. By James M*Cosh, D.D., LL.D. 8vo. 5j. 
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In this treatise the Notion {with the Term and the Relation of Thought 
to iMngiMge,) will be found to occupy a larger relative place than in any 
logical work written since the time of the famous ** Art of Thinking** 
*' We heartily welcome his book as one which is likely to be of great value 
in Colleges and Schools** — AxHKNiEUM. 

Morris.— HISTORICAL OUTLINES OF ENGLISH ACCI- 
DENCE, comprising Chapters on the History and Development 
of the Language, and on Word-formation. By the Rev. Richard 
Morris, LL.D., Member of the Council of the Philol. Soc, 
Lecturer on English Language and Literature in King's College 
School, Editor of ** Specimens of Early English," &c &c. Third 
Edition. Extra fcap. 8vo. ds. 
Dr, Morris hcts endeavoured to write a work which can be profitably 
used by students and by the upper forms in our public schools. English 
Grammar^ he believes^ without a reference to the older forms ^ must appear 
altogether anomalous^ inconsistent^ and unintelligible. His almost un- 
equalled knowledge of early English Literature renders him peculiarly 
qualified to write a work of this kind. In the writing of this volume^ 
moreovery he has taken advantage of the researches into our language 
made by all the most eminent scholars in England^ America, and en the 
Continent, The author shows the place of English among the languages 
of the world, expounds clearly and with great minuteness ^^ Grimm* s 
Law,** gives a brief history of the English language and an account of 
the various dialects, investigates the history and principles of Phonology, 
Orthography, Accent, and Etymology^ and devotes several chapters to the 
consideration of the various Parts of Speech, and the fined one to Deri- 
vcUion and Word-formation, " // makes an era in the study of the 
English tongue,** — Saturday Review. ^^ He has done his work with 
a fulness and completeness that leave nothing to be desired,** — Non- 
conformist. " A genuine and sound book, ** — ATHENiEUM. 

Oppen. — FRENCH READER. For the Use of Colleges and 
Schools. Containing a graduated Selection from modem Authors 
in Prose and Verse ; and copious Notes, chiefly Etymological. By 
Edward A. Oppen. Fcap. 8vo. cloth. 4J. 6d, 

This is a Selection from the best modern authors of France, Its dis' 
tinctvve feature consists in its etymological notes, connecting French with 
the classical and modern languages, including the Celtic, This subject 
has hitherto been little discussed even by the best-educated teachers. 
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Pylodet. — NEW guide to German conversation ; 

containing an Alphabetical List of nearly 800 Familiar Words 
similar in Orthography or Sound and the same Meaning in both 
I^angtiages, followed by Exercises, Vocabulary of Words in 
frequent use, Familiar Phrases and Dialo^es; a Sketch of German 
Literature, Idiomatic Expressions, 6:c. ; and a Synopsis of German 
Grammar. By L. PyLODET. i8mo. cloth limp. 25. 6d. 

Sonnenschein and Meiklejohn. — the English 

METHOD OF TEACHING TO READ. By A. Sonnenschein 
and J. M. D. Meiklejohn, M.A. Fcap. 8vo. 

Comprising : 
The Nursery Book, containing all the Two-Letter Words in 
the Language, id. (Also in Large Type on Sheets for 
School Walls. 5/. ) 

The First Course, consisting of Short Vowels with Single 
Consonants, yi. 

The Second Course, with Combinations and Bridges, con- 
sisting of Short Vowels with Double Consonants. 4^/. 

The Third and Fourth Courses, consisting of Long 
Vowels, and all the Double Vowels in the Language. 6d. 

A Series of Bocks in which an attempt is made to place the process of 
learning to read English on a scientific basis. This has been done by 
separating the perfectly regular parts of the language from the irregular ^ 
and by giving the re^lar parts to the learner in the exact order of their 
difficulty. The child begins with the smallest possible element^ and adds to 
that element one letter— in only one of its functions — at one time. Thus 
the sequence is natural and complete. * ' These are admirable books ^ because 
they are constructed on a principle, and that the simplest principle on which 
it is possible to learn to read English." — Spectator. 

Taylor.— WORDS AND PLACES ; or, Etymological Illus- 
trations of History, Ethnology, and Geography. By the Rev. 
Isaac Taylor, M.A. Third and cheaper Edition, revised and 
compressed. W^ith Maps. Globe 8vo. 6s. 

In this edition the work has been recast with the intention of fitting it 
the use of students and general readers^ rather than, as before^ to 
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appeal to the jtidgnicnt of philulogers. The book has already been adopted 
by many teacheis^ and is prescribed as a text-book in the Cambridge Higher 
Examinations for Women: and it is hoped that the reduced size and price, 
and the other changes now introduced^ may make it more generally useful 
than heretofore for Educational purposes. 

Thring. — Works by Edward Thring, M.A., Head Master of 
Uppingham. 

THE ELEMENTS OF GRAMMAR TAUGHT IN ENGLISH, 
with Questions. Fourth Edition. i8mo. 2s, 

This little work is chiefly intended for teachers and learner s» It took its 
rise from questionings in National Schools^ and the whole of the first part 
is merely the writing out in order the answers to questions which have been 
used already with success, A chapter on Learning Language is especially 
addressed to teachers, 

THE CHILD'S GRAMMAR. Being the Substance of "The 
Elements of Grammar taught in English," adapted for the Use of 
Junior Classes. A New Edition. i8mo. i^. 

SCHOOL SONGS. A Collection of Songs for Schools. With the 
Music arranged for four Voices. Edited by the Rev. E. Thring , 
• and H. Riccius. Folio, "js.^d. 

There is a tendency in schools to stereotype the forms of life. Any genial 
solvent is valuable. Games do much ; but games do not penetrate to 
domestic life, and are much limited by age. Music supplies the want. 
The collection includes the ** Agnus Dei" Tennyson^ s *^ Light Brigade ^"^ 
Macaulay*s " Ivry^* &^c. among other pieces. 

Trench (Archbishop).— HOUSEHOLD BOOK OF ENG- 
LISH POETRY. Selected and Arranged, with Notes, by 
R. C. Trench, D.D., Archbishop of Dublin. Extra fcap. 8vo. 
$s. 6d. Second Edition. 

This volume is called a ** Household Dooky" by this name implying that 
it is a book for all — that there is nothing in it to prevent it from beivg 
confidently placed in the hands of every member of the household, Spe:t- 
mens of cUl classes of poetry are given, including selections from living 
authors. The Editor has aimed to produce a book ** which the emigrant ^ 
finding room for little not absolutely necessary, might yet find room Jcr 
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Trench (Archbishop). --«?////>»«^rf: 

in his trunks and the traveller in his knapsack, and that on some narrow 
shelves where there are few books this might be one" " 7^ Archbishop 
has con/erred in this delightful volume an important gift on the whole 
English-speaking population of the worldJ'^ — Pall Mall Gazette. 

ON THE STUDY OF WORDS. Lectures addressed (originally) 
to the Pupils at the Diocesan Training School, Winchester. 
Fourteenth Edition, revised. Fcap. 8vo. 4J. 6d, 

This, it is believed, was probably the first work which drew general 
attention in this country to the importance and interest of the critical and 
historical study of English. It still retains its place as one of the most 
successful, if not the only, exponent of those aspects of words of which it 
treats. The subjects of the several Lectures are, (i) Introduction; (2) 
On the Poetry of Words ; (3) On the Morality of Words; (4) On the 
History of Words; (5) On the Rise of New Words; (6) On the Dis- 
tinction of Words ; (7) The Schoolmaster's Use of Words. 

ENGLISH, PAST AND PRESENT. Eighth Edition, revised 
and improved. Fcap. 8vo. 4r. dd. 

This is a series of Eight Lectures, in the first of which Archbishop 
Trench considers the English language as it now is, decomposes some 
specimens of it, and thus discovers of what element it is compact. In 
the second Lecture he considers what the language might have been if the 
Norman Conquest had never taken place. In the following six Lectures 
he institutes from various points of view a comparison between the present 
language and the past, points out gains which it has made, losses which it 
has endured, and generally calls attention to some of the more important 
changes through which it has passed, or is at present passing. 

A SELECT GLOSSARY OF ENGLISH WORDS, used formerly 
in Senses Different from their Present. Fourth Edition, enlarged. 
Fcap. 8vo. 4r. td. 

This alphabetically arranged Glossary contains many of the most im- 
portant of those English words which in the course of time have gradually 
changed their meanings. The author's object is to point out some of these 
cJianges, to suggest how many more there may be, to show how slight and 
subtle^ while yet most recU^ these changes have often been, to trace here and 
there the progressive steps by which the old meaning has been put ojfand the 
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new put oHf — the exact road which a word has travelled. The author thus 
hopes to render some assistance to tJwse who regard this as a serviceable 
disciplifte in the training of their awn minds or the minds of others^ 
Although the book is in the form of a Glossary ^ it will be found as interest" 
ing as a scries of brief well-told biographies, 

Vaughan (C. M.)— A SHILLING BOOK OF WORDS 
FROM THE POETS By C. M. Vaughan. i8mo. cloth. 

// has been felt of late years that the children oj our parochial schools ^ 
and those classes of our countrymen which they covunonly represent, are 
capable ofbein^ interesledy and therefore benefited also, by something higher 
in the scale oj poetical composition than those britf and someivhat puerile 
fragments to zohich their knowledge was formerly restricted. An attempt 
has bicn made to supply the want by forming a selection at once various 
and ufta7nbitious ; healthy in tone^ just in sentiment^ elevating in thought ^ 
and beautiful in expression, 

Whitney. — Works by W. D. Whitney, Professor of Sanskrit, 
and Instructor in Modern Languages in Yale College. 

A GERMAN READER IN PROSE AND VERSE, with Notes 
and Vocabulary. Crown 8vo. 'js, 6d. 

A COMPENDIOUS GERMAN GRAMMAR. Crown 8vo. Ss, 

Yonge (Charlotte M.)-— the abridged book of 

GOLDEN DEEDS. A Reading Book for Schools and General 
Readers. By the Author of "The Heir of Redclyffe." iSmo. 
cloth. IS. 

A record of some of the good and great deeds of all time^ abridged from 
the larger work of the same author in the Golden Treasury Series, 
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HISTORY. 



Freeman (Edward A.)— old -English history. 

By Edward A. Freeman, D.C.L., late Fellow of Trinity 
College, Oxford. With Five Coloured Maps. Second Edition. 
Extra fcap. 8vo. half-bound. 6j. 

The rapid sale of the first Titian and the urnversal approval with which 
it has been received, show that the author^ s convictions have been well 
founded, that his views have been widely accepted both by teachers and 
learners^ and that the work is eminently ccUcuiated to serve the purpose tor 
vhich it was intended. Although fidl of instruction and calculated highly 
to interest and even fascinate children^ it is a work which may be and has 
been used itnth profit and plectsure by all. ^^ I have, I hope,** the author 
says, ** shown that it is perfectly easy to teach children, from the very 
firsC, to distinguish true history alike, from legend and from wilful inven- 
tion, and also to understand the nature of historical authorities and to weigh 
one statement against another, I have throughout striven to connect the 
history of England with the general history of cvvilized Europe, and 
I have especially tried to make the book serve as an incentive to a 
more accurate study of historical geography.*'' In the present edition the 
whole has been carefully revised, and such improvements as su^ested 
themselves have been introduced. ** The book indeed is full of instruction 
and interest to students of all ages, and he must be a well-informed man 
indeed who will not rise from its perusal with clearer and more accurate 
ideas of a too much neglected portion of English History.** — Spectator. 

Historical Course for Schools. — Edited by Edward 

A. Freeman, D.C.L., late Fellow of Trinity College, Oxford. 

The object of the present series is to put forth clear and correct views 
of history in simple language, and in the smallest space and cheapest 
form in which it could be done. It is meant in the first place for 
Schools ; but it is often found that a book for schools proves useful 
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for other readers as well, and it is hoped that this may be the case 
with the little books the first instalment of which is now given to 
the world. The General Sketch will be followed by a series of 
special histories of particular countries, which will take for granted 
the main principles laid down in the General Sketch. In every case 
the results of the latest historical research will be given in as simple 
a form as may be, and the several numbers of the series will all be 
so far under the supervision of the Editor as to secure general ac- 
curacy of statement and a general harmony of plan and sentiment ; 
but each book will be the original work of its author, who will 
be responsible for his own treatment of smaller details. The 
Editor himself undertakes the histories of Rome and Switzerland, 
while the others have been put into the hands of various competent 
and skilful writers. 

The first volume is meant to be introductory to the whole course. It 
is intended to ^ve, as its name implies, a general sketch of the history of 
the civilized world, that is, of Europe, and of the lands luhich have drawn 
their civilization from Europe. ' Its object is to trace out the general rela- 
tions of differetit periods and different countries to one another, without 
going minutely into the affairs of any particular country. This is an 
object &f the first itjiportance, for without clear notions of general history, 
the history of particular countries can never be rightly understood. The 
narrative extends from the earliest movements of the Aryan peoples, down 
to the latest events both on the Eastern and IVestern Continents. The 
book consists of seventeen moderately sized chapters, each chapter beiUi* 
divided into a number of short numbered paragraphs, each with a tule 
i)refixed clearly indicative of the subject of the paragraph. ^* It supplies 
the great want of a good foundation for historical teaching. The scheme 
is an excellent one, and this instalment has been executed in a way that 
promises much for the volumes that are yet to appear**^ — EDUCATIONAL 
Times. 

/. GENERAL SKETCH OF EUROPEAN HISTORY. By 
Edward A. Freeman, D.C.L. Third Edition. iSnio. cloth. 
3f. (yd, 

II. HISTORY OF ENGLAND. By Edith Thomfson. i8mo. 
2s. 6d. 

** Freedom J rom prejudice, simplicity of style, and accuracy of staltmenl, 
arc the characteristics of this little volume. It is a Irustzvorthy text^book 

£ 2 
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and likely to be generally serviceable in schools,** — Pall Mall Gazette, 
* * Upon the whoUy this manual is the best sketch oj English history for the 
use oJ young people we have yet met with.** — AtheN-<*;um. 

///. SCOTLAND. By Margaret Macarthur. 2j. 

/r. ITALY. By the Rev. William Hunt, M.A. s^. 

The following will shortly be issued : — 

FRANCE. By the Rev. J. R. Green, M.A. 
GERMANY. By J. Sime, M.A. 

Yonge (Charlotte M.)^a parallel history of 

FRANCE AND ENGLAND : consisting of Outlines and Dates. 
By Charlotte M. Yonge, Author of "The Heir of RedclyfFe," 
** Cameos of English History," &c. &c. Oblong 4to. 3^. 6tf. 

Tliis tabular history has been drawn up to supply a want felt by many 
teachers of some means qf making their pupils realize what events in the 
two countries were contemporary. A skeleton narrative has been con- 
structed of the chief transactions in eit/ier country, placing a column 
between for what affected both alike, by which meofts it is hoped that young 
people may be assisted in grasping the mutual relation of events. ** We 
can imagine few more really advantageous courses of historical study for 
a young mind than going carefully and steadily through Miss Yonge* s 
excellent little book,** — Educational Times. 

CAMEOS FROM ENGLISH HISTORY. From RoUo to Edward 
II. By the Author of "The Heir of Redclyfle." Extra fcap. 
8vo. Second Edition, enlarged. 3J. 6d. 

The endeavour has not beeft to chronicle facts, but to put together a series 
of pictures of persons and events, so as to arrest the attention, and give 
some individuality and distinctness to the recollection, by gathering together 
details at the most memorable moments. The ** Cameos ** are intended as 
a book for young people just beyond the elementary histories of England, 
and able to enter in some degree tnto the real spirit of events, and to be 
struck with characters and scenes p'esented in some relief. " Instead oj 
dry details,** says the NONCONFORMIST, "wtf have living pictures, faith- 
ful, vivid, and striking ** 

A SECOND Series of CAMEOS FROM ENGLISH HISTORY, 
The Wars in France. Extra fcap. 8vo. pp. xL 415. 5^, 
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This neiv volume^ dosing with the Treaty of Arras ^ is the history of the 
struggles of Plantagenet and Valois, It refers, accordingly^ to one of the 
most stirring epochs in the mediaval era, including the battle of Poictiers, 
the great Schism of the West, the Lollards^ Agincourt and Joan of Arc. 
The authoress reminds her readers that she aims merely at ** collecting from 
the best authorities such details as may present scenes and personages to the 
eye in some fulness ;^^ her Cameos area *^ collection of historical scenes 
and portraits such as the young might find it difficult to form for themselves 
witJwut access to a very complete library" ** Though mainly intended," 
says the John. Bull, ^^ for young readers, they ivill, if we mistake not, be 
found very acceptable to tJiose of more mature years, and the life and 
reality imparted to the dry bones of history cannot fail to be attractive to 
readers of every ag;.'^ 

EUROPEAN HISTORY. Narrated in a Series of Historical Selec- 
tions from th& Best Authorities. Edited and arranged by E. M. 
Sewell and C. M. Yonge. First Series, 1003 — 1154. Third 
Edition. Crown 8vo. 6j. Second Series, I088 — 1228. Crown 
8vo. 6j'. 

When young children have acquired the outlines of History from abridge 
ments and catechisms, and it becomes desirable to give a more enlarged 
view of the subject, in order to render it really useful and interesting, a 
difficulty often arises as to the choice of books. Two courses are open, either 
to take a general and consequently dry history of facts, such as RusseVs 
Modern Europe, or to choose some work treating of a particular period or 
subject, such as the works of Macaulay and Fronde. The former course 
usually renders history uninteresting ; the latter is unsatisfactory because 
it is not sufficiently comprehensive. To remedy this difficulty. Selections, 
continuous and chronological, have, in the present volume, been taken from 
the larger works oj Freeman, Milman, Palgrave, and others, which may 
serve as distinct landmarks of historical reading. " We know of scarcely 
anything," says the Guardian of this volume, "which is so likely to rais 
to a higher level the average standard of English education." 
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Abbott (Rev. E. A.) — Works iDy the Rev. E. A. Abbott, 
M.A,, Head Master of the City of London School : — 

BIBLE LESSONS. Second Edition. Crown 8vo. 4s. 6d. 

TTiis book is ivritUn in the form of dialogues carried on behveen a 
Uacher and pufiil^ and its main object is to make the scholar think for 
himself. The great bulk of the dialogues represents in the spirit, and 
often in the words, the religious instruction which the author has been 
in the habit of giving to the Fifth and Sixth Forms of$he City of London 
School. The author has endeavoured to make the dialogues thoroughly 
unsectarian, * * Wise, suggestive^ and really profound initiation into religious 
thought^ — Guardian. * * / think nobody could read them without being 
both the better for them himself and being also able to see how this difficult 
duty of imparting a sound religious education may be effected^ — From 
Bishop of St. David's Speech at the Education Conference 
AT Abergwilly. 

THE GOOD VOICES ; A Child's Guide to the Bible. Crown 
8vo. cloth extra, gilt edges. 5^. 

Mr. Abbott is already knoivn as a most successful teacher of religious 
truth ; it is believed that this little book ivill shoiv that he can make Bible 
lessons attractive and edifying even to the youfigest child. Tlie book is 
quite devoid of all conventionality and catechetical teaching, and only en- 
deavours in simple language and easy style, by means of short stories and 
illustrations from every quarter likely to interest a child, to imprint the 
rudiments of religious knoiuledge, and inspire young ones tvith a desire to 
love and trust God, and to do what is right. The author wishes to imbue 
them with the feeling that at all times and in all circumstances, whether in 
town or countr)t, at work or at play, they are living in the presence of a 
heavenly Father, who is continually speaking to them with the Good Voices 
of Nature and Revelation. The volume contains upwards of 50 woodcuts, 

PARABLES FOR CHILDREN. With Three Illustrations. Crown 
8vo , gilt edges. 3J. dd. 
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** Contains a number of really delightfully written and yet simple 
{iarableSy to be read out to little children as an introduction to Bible 
reading. They are certainly admirably adapted for the purpose. The 
style is colloquial and will be understood and appreciated by the youngest 
child y and the parables themselves are very interesting and well chosen,^"* — 
Standard. 

Arnold.— A BIBLE-READING for schools. The 
Great Prophecy of Israel's Restoration (Isaiah, Chapters 
40 — 66). Arranged and Edited .for Young Learners. By Mat- 
thew Arnold, D.C.L., formerly Professor of Poetry in the 
University of Oxford, and Fellow of Oriel. Third Edition. i8mo. 
cloth. \s. 

** Schools for the people " the poiver oj letters — ivhich embraces nothing 
less than the whole history of the human spirit — has hardly beeti brought 
to bear at all. Mr, Arnold, in this little volume, attempts to remedy this 
defect, by doing for the Bible what has been so abundantly done for Greek 
and Roman, as well as English authors, viz. — taking '* some whole, of 
admirable literary beauty in style and treatment, of manageable length, 
within defined limits ; and presenting this to the learner in an intelligible 
shape, adding such explanations and helps as may etwble him to grasp 
it as a connected and complete work.^^ Mr, Arnold thinks it clear that 
nothing could more exactly suit the purpose than what the Old Testament 
gives us in the last twenty-seven chapters of the Book of Isaiah, beginning 
" Comfort ye,"** 6x'c. He has endeavoured to present a perfectly correct 
text, maintaining at the same time the unparalleled balance and rhythm of 
the Authorised Version. In an Introductory note, Mr. Arnold briefly 
sums up the events of feivish history to the starting-point of the chapters 
chosen ; and, in the copious notes appended^ every assistance is given to the 
complete understanding of the text. There is nothing in the book to hinder 
the adherent of any school of interpretation or of religious belief from 
using it, andfrotn putting it into the^ hands of children. The Preface 
contains much that is interesting and valuable on the relation of " letters " 
to education, of the pritui pies that ought to guide the makers of a ;^*. 
version of the Bible, and other important matters. Altogether, k is 
believed the volume will be found to form a text-book of the greatest v^lue 
to schools of all classes. * * Mr. Arnold has done the greatest possible sermce 
to the public. We never read any translation of Isaiah which interferd 
so little with the musical rhythm and associations of our English Bible 
translation, while doing so much to display the missing links in the cofi^ 
nection of the parts,^^ — SPECTATOR. 
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Cheyne (T. K.)— THE BOOK OF ISAIAH CHRONO- 
LOGICALLY ARRANGED. An Amended Version, with 
Historical and Critical Introductions and Explanatory Notes. By 
T. K. Cheyne, M.A., Fellow of Balliol College, Oxford. 
Crown 8vo. yj. 6^/. 

The object of this edition is simply to restc/re the probable vieanitig of 
Isaiah ^ so far as this can be expressed in modern English, The hrtsit of 
the version is the revised translation of i6iif but no scruple has bien felt 
iff introducing alterations^ wherever the true sense of the prophecies 
appeared to require it. **A piece of scholarly work, very carefully and 
considerately done,'* — Westminster Review. 

Golden Treasury Psalter.— students' Edition. Being an 

Edition of "The Psalms Chronologically Arranged, by Four 
Friends," with briefer Notes. i8mo. 3j. 6d, 
In making this abridgment of" T7ie Psalms Chronologically Arranged^'' 
the editors have endeavoured to meet the requirements of readers of a 
different class from those for 7vhom the larger edition was intended. Some 
who found the large book useful for private reading, have asked for an 
edition of a smaller size and at a loiver price ^ for family use, while at the 
same time same Teachers in Public Schools have suggested that it would be 
convenient for them to have a simpler book, which they could put into the 
hands of younger pupils, ** // is a gem,^^ says the Nonconformist. 

Hardwick. — a HISTORY OF THE CHRISTIAN CHURCH. 
Middle Age. From Gregory the Great to the Excommunication 
of Lutlier. Edited by William Stubbs, M.A., Regius Professor 
of Modem History in the University of Oxford. With Four Maps 
constructed for this work by A. Keith Johnston. Third Edition. 
Crown 8vo. loj. (>d. 
Although the ground -plan ofihts treatise coincides in many points with 
that of the colossal work of Schrbckh, yet in arranging the materials a 
very different course has frequently b^en pursued. With regard to his 
opinions the late author avorued distinctly that he construed history with 
the specific prepossessions of an Englishman and a member of the 
English Church. The readei' is constantly referred to the authorities^ 
both original and critical, on which the statements are founded. For this 
edition Professor Stubbs has carefully rnnsed both text and notes, making 
such corrections of facts, dates, and the like as the results of recent 
research warrant. The doctrinal, historical, and generally speeulatwt 
views of the late author have been preserved intact. "As a m anuctt fo^ 
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the student of ecclesiastical history in the Middle Ages^ we know no 
English work which can be compared to Mr, Hardwick's book J* — 
Guardian. 

A HISTORY OF THE CHRISTIAN CHURCH DURING THE 
REFORMATION. By Archdeacon Hardwick. Third 
Edition. Edited by Professor Stubbs. Crown 8vo. los, 6d, 

This volume is intended as a sequel and companion to the ^^ History of 
the Christian Church during the Middle Age.^^ The author's earnest 
wish has beett to give the reader a trustworthy version of those stirring 
incidents which mark the Reformation period^ without relinquishing his 
former claim to characterise peculiar systems^ persons^ and events according 
to the shades and colours they assume, when contemplated from an English 
point of vieiu and by a member of the Church of England, 

Maclear.— Works by the Rev. G. F. MACLEAR, D.D., Head 
Master of King's College School. 

A CLASS-BOOK OF OLD TESTAMENT HISTORY. Seventh 
Edition, with Four Maps. iSmo. cloth. 4.r. 6d. 

This volume forms a Class-book of Old Testament History from the 
earliest times to those of Ezra and Nehemiah. In its preparation the 
most recent authorities have been consulted, and wherever it has appeared 
useful. Notes have been subjoined illustrative of the Text, and, for the sake 
of more advanced students, references added to larger works. The Index 
has been so arranged cls to form a concise dictionary of the persons and 
places mentioned in the course of the narrative; 7uhile the Maps, which ha7'e 
been prepared with considerable care at Stanford's Geographical Establish- 
ment, will, it is hoped, materially add to the value and usefulness of the 
Book, ** A careful and elaborate though brief compendium of all that 
modern research has done for the illustration of the Old Testament. We 
knoiv of no work which contains so much important information in so 
small a compass.* — British Quarterly Review. 

A CLASS-BOOK OF NEW TESTAMENT HISTORY, including 
the Connexion of the Old and New Testament. With Four Maps. 
Fourth Edition. i8mo. cloth. 5^. 6d, 

A sequel to the author's Class-book of Old Testament History, continuing 
the narrative from the point at which il there ends, and carrying it on to 
the close of St. Paul's second imprisonment at Rome. In its preparation 
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as in that of the former volume^ the most recent and trustworthy ttuthoriiies 
have been consulted^ notes subjoined y and references to larger works added » 
It is thus hoped that it may prove at once an ttseful clcus-hook and a 
convenient companion to the study of the Greek Testament. **A singularly 
clear and orderly arrangement of the Sacred Story. His work is solidly 
and completely done. " — ATHENiEUM. 

A SHILLING BOOK OF OLD TESTAMENT HISTORY, 

for National and Elementary Schools. With Map. i8mo. 

cloth. New Edition . 
A SHILLING BOOK OF NEW TESTAMENT HISTORY. 

for National and Elementary Schools. With Map. i8mo. 

cloth. New Edition. 
These works have been carefully abridged from the authof^s larger 
manuals, 

CLASS-BOOK OF THE CATECHISM OF THE CHURCH OF 
ENGLAND. Second Edition. i8mo. cloth. 2.s. 6d. 
This may be regarded as a sequel to the Class-hooks of Old and New 
Testament History, Like them, it is furnished with notes and references 
to larger works, and it is hoped that it may be found, especially in the 
higher Jorms of our Public Schools, to supply a suitable manual of 
instruction in the chief doctrines of the English Church, and a useful 
help in the preparation of candidates for Confirmation. * * It is indeed 
the work of a scholar and divine, and as such, though extremely simple^ 
it is also extremely instructive. There are feiv clergymen who would not 
find it useful in preparing candidates for Confirmation ; and there are 
not a few who would find it useful to themsdves as wdV^ — LiTRRARY 
Churchman. 

A FIRST CLASS-BOOK OF THE CATECHISM OF THE 
CHURCH OF ENGLAND, with Scripture Proofs, for Junior 
Classes and Schools. iSmo. 6^/. New Edition. 
THE ORDER OF CONFIRMATION. A Sequel to the Class 
Book of the Catechism. For the use of Candidates for Confirma- 
tion, With Prayers and Collects. iSmo. 3</. New Edition. 

Maurice.— THE LORD'S PRAYER, THE CREED, AND 
THE COMMANDMENTS. A Manual for Parents and School- 
masters. To which is added the Order of the Scriptures. By the 
Rev. F. Denison Maurice, M. A. Professor of Moral Philosophy 
in the University of Cambridge. iSmo. cloth limp. \s. 
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Procter. — a history of the book of common 

PRAYER, with a Rationale of its Offices. By P'rancis Procter, 
M.A. Tenth Edition, revised and enlarged. Crown 8vo. 
loj. 6d. 

In the course of the last twenty years the whole question of Liturgical 
knowledge has been reopened with great learning and accurate research ; 
and it is mainly with the view of epitomizing extensive publications^ and 
correcting the errors and misconceptions which had obtained curreftcy, 
that the present volume has been put together, ** We admire the author^ s 
diligence, and bear ivilling testimony to the extent and accuracy of his 
reading. The origin of every part of the Prayer Book Jias been diligently 
investigated, and there are few questions of facts connected 7vith it tvhich 
are not either sufficiently explained, or so referred to that persons interested 
may work out the truth for themselves,^'* — ATHENiiLUM. 

Procter and Maclear.— an elementary intro- 

DUCTION TO THE BOOK OF COMMON PRAYER. 
Re-arranged and supplemented by an Explanation of the Morning 
and Evening Prayer and the Litany. By the Rev. F. Procter 
and the Rev. G. F. Maclear. Fourth Edition. i8mo. 2x. 6t/. 

As in the other Class-books of the series, Notes have also been subjoined, 
and references given to larger works, and it is hoped that the volume will 
be found adapted for use in the higher forms of our Public Schools, and a 
suitable manual for those preparing for the Oxford and Cambridge local 
examinations. This Neiu Edition has been considerably altered, and 
several important additions have been made. Besides a re-arrangement 
of the 7vork generally, the Historical Portion has been supplemented by an 
Explanation of the Morning and Evening Prayer and of the Litany. 

Psalms of David Chronologically Arranged. By 

Four Friends. An Amended Version, with Historical 
Introduction and Explanatory Notes. Second and Cheaper 
Edition, with Additions and Corrections. Crown 8vo. 2>s, 6d. 

To restore the Psalter as jar as possible to the order in which the Psalms 
were written, — to give the division of each Psalm into strophes, of each 
strophe into the lines 7vhich composed it, — to amend the errors of translation, 
is the object of the present Edition. Professor Ewald's works, especially 
that on the Psalms, have been extensively consulted. This book has been 
used with satisfaction by masters for private work in higJier classes i** 
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schools. The Spectator calls this *^ one of tJie most instructive and 
valuable books that has been published for many years,*' 

Ramsay.— THE CATECHISER'S MANUAL; or, the Church 
Catechism Illustrated and Explained, for the use of Clergymen, 
Schoolmasters, and Teachers. By the Rev. Arthur Ramsay, 
M.A. Second Edition. iSrao. is. 6d. 

A clear explanation of the Catechism^ by way of Question and Answer, 
** This is by far the best Manual on the Catechism' ive have met with.** 
— English Journal of Education. 

Simpson. — an EPITOME OF THE HISTORY OF THE 
CHRISTIAN CHURCH. By William Simpson, M.A. 
Fifth Edition. Fcap. 8vo. 3.?. 6r/. 
A compendious summary of Church History. 

Swainson.— A HANDBOOK to BUTLER'S ANALOGY. By 
C. A. SwAiNSON, D.D., Canon of Chichester. Crown 8vo. is. 6d. 

This manual is designed to serve as a handbook or road-book to the 
Student in reading the Analogy^ to give the Student a sketch or outline map 
of the country on which he is entering, and to i>oint out to him matters oj 
interest as he passes along. 

Trench.— SYNONYMS OF THE NEW TESTAMENT. By 
R. Chevenix Trench, D.D., Archbishop of Dublin. New 
Edition, enlarged. 8vo. clothi 125. 

The study of synonyms in any language is valuable as a disciplitie 
for t7-ainins[ the mind to close and accurate habits of thought : more 
especially is this the case in Greek — " « language spoken by a people of the 
finest and subtlest intellect ; who saw distinctions cohere others saw none, 
who divided out to different words zuhat others often ivere content to huddle 
confusedly under a common term. This work is recognised as a valuable 
companion to every student of the Neiv Testameni in the onginal. This, 
the Seventh Edition, has been carefully revised , and a considerable number 
of neiv synonyms added. Appended is an Index to the Synonyms^ and an 
Index to many other words alluded to or explained throughout the work. 
**IIeis" the ATHEN^^iUM says, "« guide in this department of knotu- 
ledge to whom his readei-s may inti-ust themselves ivith confidence. His 
sober judgment and sound sense are barriers against the misleading 

''ience oJ arbitrary hypotheses.** 
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WestCOtt. — Works by BROOKE FOSS WESTCOTT, B.D., 
Canon of Peterborough. 

A GENERAL SURVEV OF THE HISTORY OF THE 
CANON OF THE NEW TESTAMENT DURING THE 
FIRST FOUR CENTURIES. Third Edition, revised. Crown 
8vo. loj. (id. 

The author has tftdeavoured to connect the history of the New Testament 
Canon with the growth and consolidation of the Church, ajid to point out 
the relation existing betwte7i the amount of evidence for the authenticity oj 
tts component parts, and the whole 7nass of Christian literature. Such a 
method of inquiry will convey both the truest notion of the connection of the 
written Word with the living Body of Christy and the surest conviction oJ 
tts divine authority. Of this work the Saturday Review writes : " Theo- 
logical studefits, and not they only, but the general public, owe a deep debt 
of gratitude to Mr, Westcott for bringing this subject fairly before them 

in this candid and compreheiisive essay As a theological work it is 

at once perfectly fair and impartial, aiid imbued with a thoroughly 
religious spirit; and as a manual it exhibits, in a lucid form and in a 
narrow compass, the results of extensive research and accurate thought. 
We cordially recommend it." 

INTRODUCTION TO THE STUDY OF THE FOUR GOSPELS. 
Fourth Edition. Crown 8vo. los, 6d. 

The author's chief object in this wjrk is to show that there is a true 
mean between the idea of a formal hartnonization of the Gospels and the 
abandonment of their absolute truth. The treatise consists of ei^ht 
chapters: — /. The Preparation for the Gospel. II. The fezuish Doctrine 
of the Messiah. III. The Origin 0/ the Gospels. IV. The Charac- 
teristics of the Gospels. V. The Gospel of St. John. VI. ^ VII. The 
Differences in detail and of arrangement in the Synoptic Evangelists. 
VIII. The Difficulties of the Gospels. ^^ To a learning and accuracy 
which commands respect and confidence, he unites what are not always to 
be found in union with these qualities^ the no less valuable factUties of lucid 
arrangement and graceful and facUe expression" — London Quarterly 
Review. 

A GENERAL VIEW OF THE HISTORY OF THE ENGLISH 
BIBLE. Crown 8vo. 10^. 6^/. Second Edition. 
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" 7>i/ first trustworthy account we have had of that unique and mar* 
velious monument of the piety of our ancestors J* — Daily Nkws. 

" A brief , scholarly ^ and^ to a great extent, an original contribution to 
theological literature. He is the first to offer any considerahle contrtbu' 
tions to what he calls their internal history, which deals with their relation 
to other texts, with their filiation one on another, and with the principles by 
which they have been successively modified,^* — Pall Mall Gazette. 

THE BIBLE IN THE CHURCH. A Popular Account of the 
Collection and Reception of the Holy Scriptures in the Christian 
Churches. New Edition. iSmo. cloth. 4J. dd, 

7he present book is an attempt to answer a request, which has been made 
from time to time, to place in a simple form, J or the use of general readers, 
the substance of the author's ^''History of the Canon of the New Testament,** 
An elaborate and comprehensive Introduction is followed by chapters on 
tht Bible of the Apostolic Age ; on the Growth of the New Testament ; the 
Apostolic Fathers ; the Age of the Apologists ; the First Christian Bible; 
the Bible Proscribed and Restored ; the Age of Jerome and Augustine ; 
the Bible of the Middle Ages in the West aiui in the East, and in the 
Sixteenth Century. Two Appendices on the History of the Old Testament 
Canon before the Christian Era, and on the Contents of the most ancient 
MSS, of the Christian Bible, complete the volume, * * We would recommend 
every one who loves and studies the Bible to read and ponder this exquisite 
little book, Mr. Wcstcott's account of the ^ Canon* fj true history t;» f/j 
highest sense." — Literary Churchman. 

THE GOSPEL OF THE RESURRECTION. Thoughts on its 

Relation to Reason and History. New Edition. Fcap. 8vo. 

4r. 6d. 

This Essay is an endeavour to consider some of the elementary truths 

0/ Christianity as a miraculous Revelation, from the side of History and 

Reason, If the arguments which are here adduced are valid, they will go 

far to prove that the Resurrection, with all that it includes, is the key to 

the history of man, and the complement of reason, 

Wilson.— THE BIBLE STUDENT'S GUIDE to the more Correct 
Understanding of the English translation o( the Old Testament, 
by reference to the Original Hebrew. By William Wilson, 
D.D., Canon of Winchester, late Fellow of Queen's Collie, 
Oxford. Second Edition, carefully Revised. 410. cloth. 2%sx 
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This work is the result of almost incredible labour bestowed on it during 
many years. Its object is to enable the readers of the Old Testament 
Scriptures to penetrate into the real meaning of the sacred writers. All the 
English words used in the Autliorized Version are alphabetically arranged^ 
and beneath them are given the Hebrew equivalents^ with a careful expla- 
nation of the peculiar signifi^tion and construction of each term. The 
knowledge the Hebrew language is not absolutely necessary to the profit' 
able use of the work. Devout and accurate students of the Bible, entirely 
unacquainted with Hebrew, may derive great advantage from frequent 
reference to it. It is especially adapted for the use of the clergy, * * For ail 
earnest students of the Old Testament Scriptures it is a most valuable 
Manual. Its arrangement is so simple that those who possess only their 
mother-tongue, if they ivill take a little pains, may employ it with great 
profit J' — Nonconformist. 

Yonge (Charlotte M.)— scripture readings for 

SCHOOLS AND FAMILIES. By Charlotte M. Yonge, 
Author of **The Heir of RedclyfFe." Globe 8vo. \s. 6d, 
With Comments. Second Edition. 3J. 6d, 

A Second Series. From Joshua to Solomon. Extra fcap. 
is, dd. With Comments, 3J. dd. 

Actual need has led the author to endeavour to prepare a reading book con- 
venient for study with children, containing the very words of the Bible, with 
only a few expedient omissions, ami arranged in Lessons of such length as by 
experieftce she has found to suit with children's ordinary power of accurate 
attentive interest. The verse form has been retained, because of its con- 
venience for children reading in class, and as more resembling their Bibles ; 
but the poetical portions have been given in their lines. When Psalms or 
portions from the Prophets illustrate or fall in with tJu narrative they are 
given in their chroiwlogical sequettce. The Scripture portion, with a very 
feiv notes explanatory of mere words, is bound up apart, to be used by 
children, while the same is also supplied with a brief comment, the purpose 
of which is either to assist the teacher in explaining the lesson, or to be 
used by more advanced young people to whom it may not be possible to give 
access to the authorities whence it has been taken. Professor Huxley, at a 
meeting of the London School Board, particularly mentioned the selection 
made by Afiss Yonge as an example of how selections might be made from 
the Bible for School Reading, See Times, March 30, 1 87 1 . 
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Arnold.— A FRENCH ETON: OR, MIDDLE - CLASS 
EDUCATION AND THE STATE. Fcap. 8vo. cloth. 2j. 6</. 

This interesting little volufne is the result of a visit to France in 1 859 
iy Mr. Arnold, authorized by the Royal Commissioners, who were then 
inquiring into the state of popular education in England, to seek, in their 
name, information respectirig the French Primary Schools. ''* A very 
interesting dissertation on the system of secondary instruction in France, 
and on the advisability of copying the system in England^ — SATURDAY 
Review. 

HIGHER SCHOOLS AND UNIVERSITIES OF GERMANY, 
down 8vo. 6j. 

Jex-Blake.— A VISIT TO SOME AMERICAN SCHOOLS 
AND COLLEGES. By Sophia Jex-Blake. Crown 8vo. 
cloth. 6j. 

* * In the following pages I have endeavoured to give a simple and 
accurate account of tvhat I saw during a series of visits to some of the 
Schools and Colleges in the United States^ . . . / wish simply to give other 
teachers an opportunity of seeing througii my eyes what they cannot 
perhaps see for themselves, and to this end I have recorded fust such parti' 
culars as I should myself care to know^ — Author's Preface. ^^Miss 
Blake gives a living picture of the Schools and Colleges themselves in which 
that education is carried on.^^— Pall Mall Gazette. 

Maclaren. —TRAINING, IN THEORY AND PRACTICE. 
By Archibald Maclaren, the Gymnasium, Oxford. 8vo. 
Handsomely bomid in cloth, 'js. 6d, 

The ordinary agents of health are Exercise,, Diet, Sleep, Air, Bai-hiMg, 
' Clothiw^, In this work the author (gamines each qf these agents 
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in detaUy and from two different points of view. Firsts as to the manner 
in which it is^ or should bey administered under ordinary circumstances : 
and secofidlyy in wJiat manner and to what extent this mode of adminis- 
tration isy or should be^ altered for purposes of training ; the object 0/ 
** training," according to the author, being ^^ to put the body, with extreme 
and exceptional care, under the influence of all the agents which promote 
its health and strength, in order to enable it to meet extreme and excep- 
tional demands upon its energies." Appended are vatious diagrams and 
tables relating to boat-racing, and tables connected with diet and training. 
** The philosophy of human health has seldom received so apt an exposi- 
tion." — Globe. ^^ After all the nonsense that has been written about 
training, it is a comfort to get hold of a thoroughly sensible book at last" 
—John Bull. 



Quain (Richard, F.R.S.) — ON SOME DEFECTS IN 
GENERAL EDUCATION. By Richard Quain, F.KS. 
Crown 8vo. y. 6d, 

ffaifing been '.harmed by the College of Surgeons with the delivery of the 
Hunterian Oration J07 1869, the author has availed himself of the occa* 
sion to bring unaer notice some defects in the general education of the 
country, which, in his opinion, affect injuriously all classes of the people, 
and not least the members of his own profession. The earlier pages of the 
address contain a short notice of the genius and labours of John Hunter, 
but the subject of Education will be found to occupy the larger part. **An 
intet^esting addition to educational literature." — Guardian. 



Selkirk.— GUIDE TO THE CRICKET-GROUND. By G. H. 
Selkirk. With Woodcuts. Extra fcap, 8vo. 3J. 6d. 

The introductory chapter of this little work contains a history of the 
National Game, and is followed by a chapter giving Definitions of Terms. 
Then follow ample directions to young cricketers as to the proper style in 
which to play, information being given on every detail connected with the 
f^ame. The book contains a number of useful illustrations, including c 
specimen scoring-sheet. * * We can heartily recommend to all cricketers, old 
and young, this excellent Guide to the Cricket-ground" — SPORTING 
Life. f 
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Thring.— EDUCATION AND SCHOOL. By the Rev. Edward 
Thring, M.A-, Head Master of Uppingham School Second 
Edition. Crown 8vo. cloth. 5^. 6d. 

** An Urualuable book on a subject of the highest importance** — 
English Independent. 

Todhunter.—THE CONFLICT OF STUDIES, and other 
Essays on Subjects connected with Education. By Isaac Tod- 
hunter, M.A. F.R.S., late Fellow and Principal Mathematical 
Lecturer of St. John's College, Cambridge. 8vo. lOf. 6</. 

Contents : — The Conflict of Studies — Competitive Examinations — 
Private Study of Mathematics — Academical Reform — Elementary GeO' 
metry — The Mathematical Tripos. 

Vandervell and Witham. — a SYSTEM OF FIGURE- 
SKATING : Being the Theory and Practice of the Art as de- 
veloped in England, with a Glance at its Origin and History. By 
H. E. Vandervell and T. M. Witham, Members of the London 
Skating Club. Extra fcap. Svo. dr. 



if 



The autJiors are evidently well qualified for the task they have under-- 
taken ; and although they have selected a title for their work which might 
possibly deter a diffident learner from looking into its pages, they have 
nevertheless begun at the beginning, and without assuming any knowledge 
on the part of the reader, they have clearly pointed out, by a series of in- 
structive diagrams, the footprints of the skater, as developed in lines and 
figures, from the lowest to the highest stage of difficulties." — The Field. 
** The volume may be accepted cts a manual for the use of all skaters** — 
Bell's Life. 



Wolseley (Col. Sir Garnet, C.B.) — the SOLDIER'S 
POCKET BOOK. By Colonel Sir Garnet Wolseley, C.B. 
New Edition, enlarged. 4^. 6«/, 

This book is indispensable to every soldier, whether of the Regular Army 
or of the Volunteers, who seeks to be an intelligent defender of his country. 
J^mU instructions are given on the widest and minutest matters, and tfie 
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book is written in a clear, lively style, that at once arrests attention and 
conveys the desired knowledge. The New Edition contains all the most 
recent Regulations for the Army and Volunteers ; cUso, for the first time, 
the Uses and Management of Railways in the opercitions of War are fully 
discussed. The Times says, *^ Everybody feels that it is just what he 
ivanted;" the Daily Telegraph, ** Every soldier who wishes to under- 
stand his profession ought to have it ;^^ and the Volunteer Service. 
(jAZETTE strongly recommends Volunteers to peruse it diligently. 

Youmans.—MODERN culture : its True Aims and Require- 
ments. A Series of Addresses and Arguments on the Claims of 
Scientific Education. Edited by Edward L. Youmans, M.D. 
Crown 8vo. 8j. 6d. 

CONTENTS.^Professor Tyndall ** On the Study of Physics ;*' Dr. 
Daubeny ** Oh the Study of Chemistry ;" Professor Henfrey " On the 
Study of Botany;" Professor Huxley " On the Study of Zoology ;" Dr, 
y. Paget " On the Study of Physiology ;\' Dr. Whewell " On the Educa- 
tional History of Science f^ Dr. Faraday ** On the Education of the 
Judgment ;^^ Dr. Hodgson ** On the Study of Economic Science ;" Mr, 
Herbert Spencer ** On Political Education ;^^ Professor Masson ** On 
'College Education and Self Education ;** Dr. Youmans " On the Scientijic 
Study of Human Nature." An Appendix contains extracts from dis- 
tinguished authors, and from the Scientific Evidence given before the Publu 
Schools Commission. 
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